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The California Postsecondary Education Commission 
was created by the Legislature and the Governor 
in 1974 as the successor to the California Coordi- 
nating Council for Higher Education in order to 
coordinate and plan for education in California 

; beyond high school. As a state agency, the 
'Commission is responsible for assuring that the^ 
State 1 s resources for postsecondary education a^re 
utilized effectively and efficiently; for promot- 
ing diversity, innovation, and responsiveness to 
the needs of students and society; and for advts- 
ing the Legislature and the Governor on statewide 
educational policy and funding. 

! 

The Commission consists of 15 • members. Nine 
^represent the general public, with three each 
appointed by the Speaker of the Assembly, the 
Senate Rules Committee, and the Governor. The 
other six represent the major educational systems 
of the State. 

The Commission holds regular public meetings 
throughout the year at which it takes action on 
staff studies and adopts positions on legislative' 
proposals affecting postsecondary education. 
Further information about the Commission, its 
meetings , its staff , and its other publications 
may be obtained from the Commits s ion offices at 



1Q20 Twelfth Street, Sacramento, California * 
95814; telephone (916) 445-7933. 
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PREFACE 



According to the World Banij, the United States ranked fourth among 
the nations in per-capita income in 1978, but dropped to fifth 
place in 1979, to- sixth in 1980, to eighth in 1981, and so farcin 
1982 is tied for tepth place (Glower, 1982, p. 389). Without 
remedial action by industry and state and federal government, tnis 
decline will continue throughout the 1980s. 

Remedial action will require increased technological research, 
development, and education to overcome America's lagging growth in 
productivity. As Figure 1 shows, its productivity grew less than 
25 percent between 1968 and 1978, in contrast to that of Japan, 
West Germany, France, Italy, Sweden, and Canada. Research and 
development contribute up to half of America's per-capita income 
growth, and education adds almost a third (Hoy and Bernstein, 1981, 
p. 27); and if America is to retain its standard of living, let, 
alone regain its competitive position among other nations, it must 
devote more attention to technological progress. 
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T FIGURE 1 

PRODUCTIVITY INCREASES IN SEVEN INDUSTRIALIZED COUNTRIES, 

1968-1978 
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In 1980, new technology contributed more than, $32 billion to Amer- 
ica's gross national product, despite a t.otal real dollar drop of 
some $192 billion in the GNP. And between 1948 and -1977, more ttxan 
half of the nation's growth in productivity was attributable to 
technological advances leading Frank Batton, president of the New 
York Stock Exchange, to state, "the most important source of produc- 
tivity grefwth is the application of new technology to the production 
of goods and services" (1979). $ 

Simon Ramo, co-founder and director of TRW Inc., states that,- "if 
broad\technological inferiority should come to characterize America, 
living standards certainly would drop, our security would be threat- 
ened, \and our economic 'competitiveness in ^world markets would 
collapse" (1981, p. 71E). * 

C. Lester Hogan, director of Fairchild Camera and Instrument Corpor- 
ation, warns: / 

As I look at the next ten years, I worry about interna- 
tional competition.. If we lose the. battle in the market- 
place, we will lose because we do not have the quantity 
of trained people necessary to keep leadership in the 
industry. This is the single most important issue our 
industry faces — bar none! Other things will slow us down 
and make it tougher, but we can still win. The lack of 
qualified technical people, however, mea^s we cannot win 
(American Electronics Association, 1981b, p. 1). 

And Donald Glower of Ohio State University concludes, "the U.S. is 
engaged in an economic war for survival. We must commence immedi- 
ately to bring our technical work force up to date with the state 
of the art.' The continued improvement of our civilization includes 
strong dependence on the rate and quality of the. development of new 
technology and its prompt attention to the production of goods and 
services" (1982, p. 389). 

* 

Clearly, the United States has an enormous task to do to regain its 
technological excellence. Among the states, California can help 
take the leadership ,in^this effort. Its industries and government 
agencies employ approximately 21 percent of the nation's^ engineers 
and some 45 percent of the nation's computer specialists. Its 
economy involves a jp&c Id- renowned technological base, as illustrated 
by the fact tWt^lts electroaic? firms supply a major share of the 
world's integrated circuits--f ully a third in 1979, as Figure 2 
shows. California is* home for onef-third of the nation's aerospace 
companies and provides one-fifth of America's aircraft manufacturing 
employment and three-fifths of its missile and space equipment „ 
manufacturing employment. It ranks as the fourth Largest producer 
of gas and oil, and its mining is expected to be a grQwth industry 

*» #' ■;' • 
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FIGURE 2 

SOURCES OF INTEGRATED CIRCUITS, 1919 




Source: Department of Electrical Engineering and Computer Sciences, 
University of California, cited in Investment in Economic 
* Strength , 1981, p. 6. 

in the next decade as the United States attempts to develop greater 
independence from foreign sources of critical minerals. The Gover- 
nor's proposed "Investment in. People" program .represents a start 
toward this leadership effort, but an evert greater commitment to 
technological education will be required if California i,s to main- 
tain., its technological advantages and contribute to state and 
national recovery. * 

With this conviction, the Commission staff has undertaken a study ' 
of the problems and prospects oJ engineering and computer science 
education in California in order to identify issues that will be 
confronting them in coming years as part of this e'frbrt. Assisting 
the staff has been a seven-member advisory committee, chaired by 
Russell L. Riese of the staff. Its members have included the 
following;^ 
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Representing the California State University: 
Beaumont Davison, Dean 

School of Engineering > 
California State Polytechnic University, Pomona 

Anthony. J. Moye, Assistant Vice Chancellor 
. Educational Programs and Resources 
* Office of the Chancellor* 

Representing" the University of California-: 

James Albertson, Special Assistant 
Systemwide Administration 

John D. Kemper, Dean 

College of Engineering' v 

University of California, Davis ■ ' 

Representing the Association of Independent California Colleges 
and Universities: 

Robert L. Heyborne, Dean s 
School of Engineering 
University of the'Pac*ific 

i 

- Representing California Industry: . 

Kaye Kiddpo, Director of Personnel 
Lockheed Corporation ^ 

4 

To gather information from California's engineerings and computer 
science programs, the Advisory . Committee endorsed a ten-part ques- 
tionnaire survey, covering (l)*emerging engineering and computer 
science technologies, (2) enrollments and impaction, (3) admissions 

.requirements and student preparation, (4) facilities, (5) equipment, 
(6) cooperative programs, (7) continuing education, (8) placeiflenfc 

•of, graduates, (9) faculty characteristics, and (10) significant 
problems and issues of quality.. The questionnaire was discussed 
with members of the Advisory Committee and other" engineering school 
deans at meetings of the University of California's Council of 
Engineering Deans, the CSU Council of Engineering Deans, a group* of 
deans from independent institutions, and of the Mathematics and 
Engineering Liaison Committees of the Articulation Council. The 
staff of the Commission is'grateful for the thorough and thoughtful 
responses to the questionnaire provided by the deans and directors 
of all the engineering programs of the University of California and 
the California State University as well as the University of the 
Pacific and Loyola Marymount University. (Responses were not 
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received from the California Institute of Technology, Harvey Mudd 
College, Northrop University, Stanford University, the University 
ot^Santa Clara, or the University of Southern California.) 

During November and December, 1981, Russell R^ese of the staff 
participated in and moriitored the work of the Department of Economic 
arid Business Development which led' to the - Governor ' s "Investment in 
People" program, while the staff of the Commission' s Analytical 
Studies ^Division assembled data on enrollments, degrees conferred, 
and student ethnicity, sex, and age for California programs in 
these fields. These data were shared with the Department of Eco- 
nomic and Business Development* for their use in the "Investment in 
People" program. 

r 

The Commission staff wishes to thank the Councils of Engineering 
Deans of the University of California and the California State 
University, the deans of several independent universities, and the 
Engineering and Mathematics Liaison Committees of the Articulation 
Council as well as the members of the Advisory Committee for their 
counsel and assistance during the course of the study. 

This report is divided into seven chapters. The first describes 
the differing opinions about shortages or surpluses of supply of 
engineers, computer scientists, and' other technologically skilled 
workers 'in American society, in order to provide background on the 
tasks confronting schools of engineering and computer science. The 
second identifies the engineering and computer science programs in 
California 1 s colleges and universities, reports their enrollments, 
and discusses their major^ problems regarding enrollments . 'The 
third describes the shortage of engineering and computer science 
faculty nationally and in California, with particular emphasis on 
the California State University and the University of California. 
The fourth identifies pressing problems of equipment and facilities 
--including not merely deferred maintenance and replacements but 
also the lack of technologically advanced - equipment already~uVed In 
industry. The fifth points to sources of inadequate preparation of 
students , both nationally and in California.. The sixth notes 
incentives that industry are providing universities and that states 
are providing to their public universities to develop technological 
^expertise. And the seventh summarizes the* report by pointing to 
the educational and financial implications of issues discussed in 
the previous chapters for educational policy makers in California. 
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CHAPTER ONE ' f 

ENGINEERING SUPPLY AND DEMAND 

Productivity and the economic health of the United States are 
increasingly dependent on the fruits of engineering. h A major 
concern exists that the supply o£> engineers and mathematicians and 
certain other science professionals may not •"keep pace with the 
demand. If it does not, the chances for economic growth are in 
jeopardy*. Because there are differences of opinion relative to 
supply and demand for engineering, mathematics, and computer science 
graduates, a brief review of current literature on the subject is 
warranted. The opinions expressed in the literature can be divided 
into two main groups those whb believe there are shortages, and 
those who perceive there are surpluses. 

• ( / , 

» s 

• « 

SHORTAGE THEORY 

Typical of the shortage . theorists is the October 1980 federal 
report- on Science and Engineering Education for the 1980s and . 
Beyond, prepared jointly by the National Science -Foundation ancTthe 
Department of Education, which highlighted the nation's concern 
with, the professional education of scientists', engineers, and 
technicians. It expressed these concerns as follows: 

The economic, well being, security, and health and safety 
of Americans during the remaining two decades of this 
century, -.and beydnd, will depend increasingly on our li- 
ability as a* Nation to strengthen our techoologicar aWi - ^ 
-^cientific- ^enteqp^ise., Several otfeer countries are 
/challenging our leadership in science and technology, 
During the coming decades^ we are likely to \>e confronted 
with increasing competition, both from already industrial- 
ized countries and from those newly emerging industrial- 
ized countries with enormous labor resources. ^The United 
States cannot compete successfully in this environment 
unless it strengthens its technological 'base. This, in 
turn, will require that the Nation have" sufficient numbers 
of engineers, scientists, and technicians with the skills 
and training required to m£et present' and future chal- 
lenges, and that we make effective' use of those skilled 
personnel (p . 8) . ■> 
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The report arrived at tea principal findings^ jach of which was 
discussed in detail. Briefly they are: 

1. There are, at present, shortages of trained computer . 
professionals and most types of engineers at all 
degree levels. In contrast, the current supply of 
scientists is adequate to satisfy existing* demand for 
their service, except in a few subfieljis of physical 
and biological science. 

2. Projections indicate that in 1990 the aggregate 
number of new science graduates at all degree levels 
should exceed -the number able to find .jobs in the 
broad fields in which they are trained. With the 
possible exception of a few subfields, the numbers of 
new engineering baccalaureates should, by- .1990, be 
adequate to satisfy projected demand for their. ser- 
vices. However,, the adequacy of Ph.D. engineer** in 
1990 is problematic. The current shortage of trained 
computer professionals at all degree levels is ex- 
pected to persist beyond 1990. 

3. While considerable progress has been afade in increas- 
ing the representation of minorities/ women, and the 
physically handicapped, all three gjfcttps 'continue to 
be -undfer rep resented in the science'ahd engineering 
professions. The number of women in engineering 
schools has been increasing rapidly, and they now 
compose about 15 percent of freshman enrollments. 
With this exception, the proportion of minorities' and 

v women who major in science and, engineering is still 

small relative to their proportion 'among college 
students. 

"4 Urate- is aft immediate problem^ of providing fpr the 
acquisition, retention, and "maintenance of high- 
\ quality faculty^to teach engineering and computer 

courses . This problem is the res,ul£ of several 
factors, including rapidly incre^s^ag undergraduate 
enrollments, decreasing Ph.D. output, J widening gap 
between academic and nonacademic salaries, and the, 
obsolescence of facilities and technical* resources 
needed for research. * . / 

5. The high cost -of maintaining existing laboratory 
apparatus "and of replacing obsolete apparatus and 
facilities is a severe problem for university faculty 
who engage in research in equipment- intensive fields 
such as electrical engineering, computer science, 
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physics, chemist^, and the life sciences. \ln some 
cases instruments needed to carry au£*S^p search at 
the frontiers of these fields are avail abr^only at 
centralized facilities , and this situation i 
ing the education of advanced graduate students 

t \ 

6. Although industrial design and engineering practices 
have changed rapidly under ..the impact of modern 
electronic technology, engineering schools, in 
general , lack sufficient resources to modernize 
teaching facilities and equipment, with the result 
that many new engineers and computer professionals 
are not adequately trained in -state-of-the-art 

j techniques. * 

7. Decreasing priority is being given to science and 
mathematics in secondary schools. This situation is 
in marked contrast to Germany, Japan, and the Soviet 
Union, which have been pursuing a policy of mote 
extensive and rigorous education in science and 

) mathematics for all citizens. While the qualifica- " 
tio'ns of cU.S. secondary school graduates who intend 
to pursue college 'majors in science and engineering 
remain high, the general quality of science and" 
mathematics instruction at the secondary level 'has 
deteriorated since the 1960s, as has the scientific 
and mathematical competence of students who are not 
motivated toward careers in science and engineering. 

8. At both the secondary and higher education levels, 
there is a serious problem of reduced educational 

. standards and requirements . Inadequate attention is 
paid to motivating aijd providing an appropriate 
education- in^science and"'t'&chnology for those who do 
not intend to pursue science and engineering as 
careers but who need an understanding of them for 
their work and in their lives. A shortage of ^mathe- 
matics and science teachers and the absence of ade- 
quate teacher support resources at the secondary 
level hampers the ability of the schools to provide 
science and mathematics instruction for those not 
likely to follow science and engineering careers. 

9. There is a noticeable absence of coordination among 
the various components of the science and engineering 
education system, particularly between the secondary 
and the college and university levels. This lack of 
coordination is evidenced , for example , by : (a) 
reduced opportunities for sustained Interactions 
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between university and secondary school science and 
crfathematics faculties; (b) the insufficient attention 
4 paid to tjie, special problems of two-^rear community 
* % colleges which are assuming an increasing share of 
the .responsibility £or training the Nation's skilled 
technical work force; and (c) the dispersion of the 
responsibility for ..continuing education among many 
types of providers ( and the isolation of controlling 
education from the formal educational system. 



10. Media which focus attention on v 'science and technol- 
ogy, including newspapers , magazine^ , publijp radio 
and television, science and technology museums, and 
related institutions enjoy considerable popularity 
among nonscientists and nonengineers. However, 
these media have not been systematically explQited * 
as adjuncts to the formal education system (pp. 
16-17). X 

A second example of shortage theory is represented by the American-^ 
Electronics Association' s~ 1981 Blue Ribbon Committee on Engineering 
Education. The charge of the Association's Boar,d* of Dire'otors to 
this select group of industrial executives and educational leaders 
was to study the problem of engineering shortages, certify its 
existence and degree, identify the major barrier^, and recommend a 
plan for Association action. The AEA Committee found that: 

An increasing national shortage of engineer^ threatens ■ 
to limit the growth of high technology and aegatively 
impact the economic and political leadership of this; , 
United States, as well as the continued health and 
expansion of the electronics industries (1981a, p. 1). 

The growing shortage of engineers on a national sc,ale 
threatens to, limit the growth of high technology and 
negatively impacts the continued health and vitality 
of the United States on economical, political, and 
social levels (p. 6). 

t i 

tly, the shortage in B. S. graduates is caused by 
v ack of resources — most seriously in faculty — of 
universities to educate the oversupply *of> qualified 
high^jjChool graduates (p. 10). r 

The shortage in M.S. and Ph.D.s is caused by an under - 
supply of ^ar^duate students resulting primarily from 
high B.S.-le%I~~ industrial salaries and disincentives 
t6 enter teachl^ careers , not only limiting industry* s 
progress in adv^ced research, but clearly reducing 
the pool from whidrcgfaculty come (p. 10 )\ * 
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• .The present situation in engineering undergraduate 

education- is characterized by plenty of students, but 

too few resources to educate them without risking a N 

loss in quality (p. 16). 

\ 

The Committee's comparison of projected supply and demand fot 
electrical and computer engineers is shown iq. Figure 3. The supply 
shortfall by 1985 projects to about 129,000, or 25,000 annually. 
Just to me^t the needs oij the electronics, industry, the Committee 
estimated that educational institutions must triple their output of ' 
electrical and computer engineers each year .for the Qext five 
years. ^ ^ 

1 

The Committee concluded: * ^ 

* * < ~ 

The United Spates is still the most productive country in 
the world. Yet while others impcove theit ratio of 
output-per-worker , America does not — dropping from a WW 
. II 2.9% increase to a minus 0.9% in 1979, 

1 Japan's productivity makes U.S. industries jog faster to 
run the economic mile. On a per capita basis, Japan has 
fewer than l/20th % the lawyers, .l/7th the accountants, but * 
5 times as many engineers as the United States. ^ 



"FIGURE 3 / 

COMPARISON OF PROJECTED SUPPLY OF AND DEMAND ^QR 
ELECTRICAL AND COMPUTER ENGINEERS IN U.S. ELECTRONICS INDUSTRIES 

1981-1985 
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Source: American .Electronics Association, 1981a, p. 7. 
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The Soviet Union's double time to reach "scientific and 
^technological supremacy" — graduating 6 times ' as many t 
undergraduate engineers as the U.S. --causes discomfort 
in America's national defense arenas. 

) According to a 1977 NSF study,' high technology has twice 

f the productivity, triple the real growth, six times fewer 
\ price increases, and nine times more employment when 
compared to low technology industries. Electronics in 
particular holds the promise of winning on the economic, - 
political, and social fronts — if the engineer shortages 
are reversed . \ 

\ 4 

The lack qf electronic and computer sciei^de 
engineers may be the single most important 
factor limiting the growth and continued vital- t 



ity of electronics industries. > 



i 

i 



) 1 

Dr. -William Perry, Partner, Hambrecht & |Qy.is t , 
Former U.S. Undersecretary of Defense foj 
Research and Engineering ,(p- 22!). ! *{ 

( [ - ' ^ ^ 

In order to alleviate the engineering shortage,,. AEA |igs set ' an £ 
industry-wide standard for »giving resources^ to, ; educi&|Lon at 2 
percent of a company's R&D expenditures. Such; ;resoui|dps can be 
given directly by a company to a college or through the ^EA created 
foundation. Suggested uses for these resources include i | equipment , 
adjunct or visiting professors, teaching "chairs 0 , gradate fellow- 
ships, and general grants. '!• „ ij 1 

A thiid shortage theorist is Stephen Kahne , Eji.rector of th£ National 
Science Foundation's Division of Electrical , 1 Computer , a'nd Systems 
Engineering, who stated in 1981: \ i 

^ .• i * 

It is no longer an open question whether the shoftagje of 

electrical engineers in the United States is or is riot a \i ; 

crisis. It is. Sooner or later every U>S. industry *! 

dependent upon electrical engineering will be affected — ;< 

and there are more such industries now than evefr. |Toy ? 

and automobile manufacturers , even textile and cloching j 

companies , have discovered the value of electronic! and m '\ 

computer-based systems in their products or manufacturing j? 

processed . Indeed, these new industries , previously j 

unaffected by electrical engineering in any significant \ 

way, a be the hidden factor that invalidates traditional * 

* market surveys of future needs for EEs , It is ha£d to \ 
predict the growing need for electronic^ specialists in 
sectors of the economy that never before^ employed them 
( IEEE Spectrum , June 1981, p. 50). , 
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Similarly, representatives of government, academia, industry^ and 
the technical community\ testified before the House Committee on 
Science and Technology o^October 6 and 7, 1981, that national 
security and the U.S. economy are threatened by looming shortages 
of engineers and technically educated people (The Institute , January 
1982, p. 6). 

Other shortage theorists abound. FolSvexample , George A. Keyworth, 
science advisor to President Reagan, ha>s committed his office to 
facilitating efforts to cope wfth the current crisis in engineering 
education. These efforts will have thr.ee major thrusts: (1) 
development of a manifesto signed by key U.S. leaders stating 
engineering education's problems and possible solutions, (2) crea- 
tion of model programs for sharing limited engineering and science 
talent between academia and industry, and (3) consideration of a 
scheme to allow industries to contribute to a university equipment- 
leasing fund (The Institute, , January 1982, pp. 1, 6). 

Joseph M. Pettit, President of the Georgia Institute of Technology, 
.has called engineering supply and demand in the United States 
current crisis." He states, 

In the United States at this time we are .undergoing what 
must be called a'ensis in engineering education, and 
indeed in the supplyvof engineers for industry and governs 
men^t .... The fact is we have a serious imbalance/ 
among (1) a high* industrial demand f.or engineers, (2)/a 
low graduati6*h fate, especially at the master f s .and 
doctoral level, (3), a high undergraduate enrollrngfft, (4) 
a shortage of engineering professors, and (5) old and 
obsolete laboratory equipment, financial constraints, 
' etc. (1981, p. 26). . ' 

* 

Courtland Perkins, President of the Na^tionaJL Academy of Engineering, 
in an editorial entitled, "The* Growing National Crisis in Engineer- 
ing Education," declared that "the defense of the country and its 
economic growth ace both endangered by the decline in available 
engineering talent resulting from serious problems existing in our 
engineering eUteation programs" (1981, p. 1). He pointed out that 
the crisis cornel} from the fact that many students are, not being 
properly educated, due principally to a shortage of competent 
faculty and adequate teachi^g**f acilities . 

Arthur Hansen, President of Purdue University, states that the term 
"crisis" appropriately describes the current problem of providing 
scientific and technological manpower . He describes several pro- 
posals on how the United States can recover its position as 
technological leader and how to remain competitive economically. 
Among these proposals are increased pay for skilled military person- 
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nel, increased in-service training for teachers in mathematical and 
scientific education in our primary and secondary schools, motiva- - 
tion of students by government, industry and education to pursue 
courses in science and mathematics , and encouraging educatWn , 
government, » industry and professional societies to address the 
problem of growing faculty shortages (1981, pp. 20-24*). 

Dr. Evan Metcalf, Director of the Economic Development Program of^ 
the Western Interstate Commission for Higher Education" , has con- 
cluded that* engineers are in critically short supply in all engi- 
neering disciplines, despite some variation in specific specialties. 
He foresees this high demand lasting at least through 1990, with 
annual job openings nationwide" expected to increase from 69,000 in 
1980 .to 75,000 in 1985 and to 82,000 in 1990. Contrasted with 
these numbers , the number of graduates are expected t<5 increase 
from 58,000 in 1980 to 73,000 in 1985 and to only, 65,000 in 1990. 
In the western states, his data indicate annual average job openings 
for 5,400 engineers in the Mountain* states and 20,000 if the Pacific 
states are added. This compares to 4,000 graduates currently in 
the Mountain states and an additional 6,000 in the Pacific states. 
Added to these demands from the nation's industrial economy must be 
the impact of expanded defense spending which total approximately. 
46,400 additional engineers (Western Interstate » Commiss ion for 
Higher Education, 1981, p, 11). 

The toew England Board of Higher Education has expressed its concern 
as to whether New England will successfully retain its human capital 
and corporate resources because of^ fierce competition from the 
sunbelt. In Massachusetts alone, which accounts for nearly- half of 
New England's gross product, it estimates an annual shortfall of 
3,000 engineers ajid computer scientists. The Board concludes, 
*+ - 

Vigorous t growth in high technology industries is now 
* hindered by demand outstripping the supply of professional 
and technical specialists required for computer and 
electronic design and production. New England must not 
only attract from other states qualified newcomers who 
recognize the healthy state of the. regional economy, but 
its institutions of higher education must provide the 
Electronics engineers and computer scientists who are 
perpetually in such short supply (Hoy and Bernstein, 
1981, p. 18)'. 

The Board expects tlte shortage of engineers and computer scientists 
to shrink somewhat because the supply of engineers is projected to 
rise by almost 50 percent 'between 1975 and 1985, but the shortage - 
will still be felt well into the mid-1980s as employments needs 
continue to expand (p. 42). 



9 

ERLC 



-8- 



2A 



A year ago, the New York Times asked leaders from industry in 
various parts of the nation what they considered to be critical 
issues affecting the world of work. High on their lists / besides 
the state of the economy, productivity, and energy, was the pressing 
shortage of engineers and technically trained workers . For example, 
Walter Fallon, Chairman of Eastman Kodak, citing the burgeoning 
demand for technological expertise, anticipated' an increasing need 
for mechanical, chemical, electrical and industrial engineers along 
with expertise in computer science and added that the percentage of 
the population seeking ghese careers -falls far short of the demand, 
Lewis Branscomb, vice president and chief ^scientist for Inter- 
national Business Machines, expanded on the theme of the growing 
nee$ for technological expertise* William Andrews, chairman and 
president of Scovill Inc., cited a ne$d for engineers and physi- 
cists, sjkilled machinists,; and other technical workers. Recruiting 
specialists reported phe'ir difficulty in hiring engineering gradu- 
ates. The College Placement Council noted that engineering students 
comprised about 7 percent of 1980 graduates but received about 65 
percent of the job offers. And computer-science experts called the 
shortage of qualified people ."a national crisis/' The Times noted 
that- California accounts for a quarter of the nation's job in- 
creases, although it represents only 10 to 11 percent of the na--^ 
tion's total wage and salary employment. Because California has 
traditionally received over a fourth of the Defense Department's 
budget, the impact of increased 'defense spending on the State 
should be positive ( New York Times , 1981). 

The latest article on the shortage of engineers appeared in the 
January 6, 1982, Chronicle of Higher Education . It described two 
surveys which indicated that 1982 graduates in "engineering and 
computer science will have the best chances of gettiag_jjab offers/' 
One of the surveys, conducted by the Northwestern University Place- 
ment Office, concludes that 1982 job opportunities for engineers 
will increase by 11 percent over last year. The second, conducted 
by Michigan State University's Placement Office, concludes that the 
overall demand wili be about the same as last year and that there 
will be more demand in engineering and computer sciences than there 
are graduates to meet the demand. The Northwestern report estimates 
salary offers will increase by 9.2 percent, while the Michigan 
State study estimates an increase of 5.2 percent. Highest starting 
salaries will be paid to chemical, electrical, and mechanical 
engineers--more than $22,000 per year. Computer sciences majors, 
will earn $19,763. In contrast, social science jnajors, who are at 
the -bottom of the scale will earn an average of only $14,112 ("Two 
Surveys Find Job Opportunities Gooci for Engineers," 1982/ p. 10). 
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Ii con teas t to these pessimistic. forecasts , other observers foresee 
surpluses of engineers**7pr at least no crises. For example, the 
reality of the crisis was debated ,at an October 1981 Engineering 
Manpower Conference sponsored by the Institute of Electrical and 
Electronic Engineers . Those atten£iirg--managers , engineers , 
personnel directors, and academics — were asked, "is there really 
a shortage of engineers?" Although they agreed that a few specific 
engineering specialties are experiencing shortages , no consensus 
was reached as to whether or not there is an overall manpower 
shortage. Some participants sensed a general shortage caused by 
U.S. Government actions in the past, but if the Government had a 
rational plan to educate and use engineers there would be no' man- 
power problem; others believed that there is only a shortage of 
entry-level engineers, that engineers of 10 or more^ears of experi- 
ence are not being fully utilized, and that full utilization would 
eliminate any manpower shortages; and others expressed the view 
^that the major shortage' is in engineering faculty. But even here, 
David Lewis, scientific projects officer in the Office of Naval 
Research, stated that the only faculty problem is obtaining faculty 
at the salaries that universities are willing to pay, and another 
participant concluded that there was no faculty shortage but, 
rather, too many schools ( The Institute , January 1982, p. 7). 

Bruno Weinschel, chairman of the Engineering Affairs Council of the 
American Association of Engineering Societies (AAES) , which repre- 
sents 43 engineering societies with individual memberships exceeding 
one million engineers and computer scientists, expressed the follow- 
ing skepticism about the problem: 

• On claims of shortage: "I believe there are opening^ 
in academia, but the data on the overall engineering 
shortage are much more difficult. to establish." 

• On a -repqrt of the American Electronics Association 
that claimed current shortages' and far worse ahead: 
"It's ray feeling that the defense industry is outbid- 
ding the civilian industries. We know that certain 
defense contractors try to make a good impression on 
the Government by exaggerating the number of engineers 
employed, possibly by misclassif^ing lesser-qualified 
people as engineers . And , if several contractors 
expect to win the same contract, they may. ma ke_ their 
projections of future manpower needs accordingly, so 
AEA figures from large employers could be badly dis- 
torted by the number of engineering openings claimed 
by large defense contractors . " 

2.j 
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• On the future of U.S. industry: "The companies • the 
AEA surveyed^ are claiming major growth through the 

- ' "decade, but Hill all tie AEA members grow at their 
forecasted rate or will^ many fail? * EveryvhVre you 
look, there are 'erosions of ' the U.S. engineering and 
high-technology industries — the automotive, aerospace, 
• and even semiconductor industries are some< exampies . 
The Japanese^re aiming straight at Intel and they say 
so specifically. " 

• On ^utilization of engineers: ^'You have to .agr^e that 
it's cheaper to hire a new engineer and bring', him 
somewhere. Also, not all- our employers are enlightened 
to the benefits of human capital--of engineers who 
have benefited f rom^continuing education, for example" 
(ibid.). - ■ . 

A summary of the Engineering Manpower Conference states: 

IEEE leaders are worried that current forecasts of engi- 
neering shortages from industry, Government,- and academia 
could fuel an engineering manpower glut and* result in 
massive layoffs reminiscent of those that occurred in the 
U.S. in the. early 1970s. They point for corroboration of 
their worst fears to the recessionary climate now being 
experienced in the semiconductor, automotive , k and electri- 
cal manufacturing industries, where factories have been 
closed and layoffs -have been taking plac£ (ibid., 1). „ 



A Roundtable of the National ^Academy of Engineering, convened to 

discuss and to chart a course for education arid utilization of 

engineers through the year 2000, has reviewed^ the' first -phase .of a 

major study of this topic conducted by the Assembly of Engineering 

at the request of the National Science Foundation and has concludedr * * 

1. There is no comprehensive understanding of the- system 
that trains and utilizes engineers. 

2. There is a dearth of hard, believable data to-back up 
anecdotal evidence of manpower shortages, to distin- 
guish exactly where the problems are, or to confident- 
ly forecast trends (National Academy of Engineering, ■ N « 
Roundtable, 1981, p. 6). 

The Roundtable report states: 

There was no consensus that engineering, as a whole, is 
m a crisis situation. Some acknowledged there may be 
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asolate<r>:rises, or spot problems in manpower demands for 
* some industrial disciplines gr for college teaching 
A faculty, but ffelt there was a lack of credible data to 
m< confirm" or quantify these perceptions. They questioned, 
also, whether such problems might not be self-correcting, 
or .whether "solutions" to these problems, applied without 
sufficient knowledge of the system behavior, might ulti- 
mately swamp the demand for engineers with a6 oversupply 

&.«-. ■ , 

the report of the National Science Foundation and the Department of 
Education, Science and Engineering Education for the 1980s and 
Beyond , quoted at the beginning of this chapter, stated that "there 
are, at present , shortages- of trained computer professionals and 
most types of - engineers afc all degree levels" (underlining added). 
But frequently its words "at present" are overlooked by many read- 
ers. By 1990, approximately 360,000 scientists and over one million 
computer professionals and engineers will be needed to fill growth 
and replacement demands (p. 28). ^fet* projections from the National 
Center for Education 1 Statistics (NCES), which were used in the 
NSF/D0E report as the supply component, indicate that about 3.4 
million science and engineering baccalaureates and 630,000 science 
and engineering master's degrees will be awarded between 1978 and 
1990. Thus projected baccalaureates in all engineering fields, 
including those in engineering technology, may exceed demand by 
almost 1.8 times Ike projected «b£seline openings,. Only two fields, 
computer sciences and statistics, may have 'large deficits of people, 
although under certain conditions , shortages may also occur in 
industrial, nucleter, and aeronautical engineering. The 'NSF/DOE* 
projected market for scientists and engineers in 1990 are shown in 
Table 1. Ms k table does not point toward a "crisis" status for 
engineers and scientists.- In fact, the NSF/DOE report states, "In 
general, the numbers of new science graduates should widely exceed 
the number who will be able to find" jobs in the disciplines in 
which they are .trained .... These projections indicate that for 
engineers with bachelor's or master's degrees, the labor market in* 
1990 should be less tight than at any time since the early 1970s as 
a result of faster expansion in the supply of qualified personnel 
than in demand for their services" (p. 26). 

Irwin Feerst, a' consulting* engineer , a former engineering professor 
at Adelphi University, and the leader of the 3,000 member Committee 
of Concerned Electrical Engineers^ a group that considers as a sham 
th^ American Electronics Association report predicting a^ shortfall 
of 25,000 engineers annually through 1985, if^.sts that "the whole 
thing is a scam to get gullible youftg people to fili college class- 
rpoms, there never has beeji a shortage of engineers ."^He charges 
that the .AEA figures are "inaccurate, biased*, ambiguous and based 
on duplication of data"* because*.„they are based on a poorly worded 
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TABLE 1 

PROJECTED MARKET FOR SCIENTISTS AND ENGINEERS IN -1990 
BY FIELD AND LEVEL OF TRAINING "(ALL SCENARIOS) 



Baccaiaurratrs 
ami MiMfrx 



Dm' it mtft v 



Physical Sciences 
Atmospheric , 
Chemical * 
.Geological 

Physics aruJ Astronomy 

Engineenng s 
Aeronautical 

Chemical 
Civil 

Eicctncal > 

Industrial 

Mechanical 

MetaJlurgical 

Mi rung 

Petroleum 

Other 

Mathematical Sciences 
Mathematicians 
Statisticians 

Computer Profess ons 

Life Sciences 
Agricultural 
Biological 

Social Sciences 
Psychologists 
Other , . 

All Fields 



Adequate 

Balance 

Adequate 

Adequate 

Adequate 

Adequate 
iBaJance*Shortage* 

Adequate 

Adequate 

Adequate 

Shortage 

Adequate 

Adequate 

Adequate 

Balance 

Adequate 

Adequate 
Adequate 
Shortage 
Shortage 

Adequate 
Adequate 
Adequate 

Adequate 
Adequate 
Adequate 
Adequate 



Adequate 



Uncc^tir 

(Possrmc shortage* 
some fields) 



Adequate 



Shortage 

Adequate 
Adequate 
Adequate 

Adequate 



Adequate 



' Shonafc wider expanded defence spendmt uiumpoon only 

NOTE Adequate' indKiies Hut pfojcct«j supply exceeds projected demand "BeJance" 
indicates t\u projected supply is close to projected demand ' Snort* «e' indictees th*4 projected 
supply ts lew then projected demand 'tl«cmno ' is u*ed for doctoral engineer* because NSF 
project* an adequate supply m whereas Bt.S projects * ihoruce ut \nS 



Source: National Science Foundation and U.S. Department of Educa- 
„ tion, 1980, p. 26. 
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survey to which 671 member companies responded. He also claims 
that, under the laws of supply and demand, entry-level salaries 
should rise to $30,000 and experienced engineers should, be earning 
double their current salaries if an engineering shortage existed * 
("Keeping Track on 'The Engineering Shortage,'" 1981). • « 

Jon Sargent, a labor economist for the U.S. Bufeau of Labor Statis- 
tics (BLS), has stated, "The B£S estimates that, by 1990, the 
number of college graduates will have exceeded the available techni- 
cal and professional jobs by more than three million, resulting in 
higher unemployment, lower starting salaries; and a large spillover 
into jobs graduates once shunned 1 ' ( New York Times , 1981, p. 29). 

Harrison Shull, provost at Rensselear Polytechnic Institute and 
chairman of the National Academy of Sciences' Commission on Human 
Resources, who has been f o 1 Lowing J^jreshman enrollments in engineer- 
ing, claims that the swing to oversupply in engineering could come" 
in two to three years. The 1980 entering engineering class was 
110,000. If they finish at the same rate as their predecessors 
over the past 10 years / 75,000 engineering graduates would be 
entering the job market. Mr. Shull has stated, "Glut is too- big a 
word for it, but there would be a modest surplus in supply" ( New 
York Times , 1981, p, 10). 

The Bureau of Labor Statistics expects good employment opportunities 
for engineers through the 1980s, but it does not anticipate a 
manpower "crisis". According to projections from the National 
Center for "Education Statistics,* about 81,400 bachelor's degrees in 
engineering will be awarded annually during! the decade of the '80s. 
In the 1960s; 85 percent of the bachelor's degree recipients in 
engineering/ including those who went to graduate study', actually 
entered 1 the field. This proportion dropped to 80 percent during 
the mid-1970s." If** the 80 percent rate continues, an average of 
65,000 are* expected to enter the field annually. Some engineering 
positions will continue to be filled by graduates from mathematics, 
physics, and othfer , related disciplines. According to the BLS, the 
projected large increase in engineering degrees may result in more 
limited opportunities than in the past for transfers from related 
fields. The numerical data for engineering supplied by the BLS is 
as follows (Bureau of Labor Statistics, 1980): *' 

Employment, 1978....' 1,136,000 

Projected employment, 1990 1,441,000 r 

Percent growth, 1978-.90. 26.8 ' 

Average annual openings, 1978-90 46;500 

Growth r 2S,500 

Replacement. 21,000 



1 
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Degrees in engineering 
(including engineering 
.technology) 

Bachelor's degrees 
Master 1 s 'degrees 
Doctoral degrees 



Actual 
1977-78 . V 

56,009 
16,409 
2,440* 



Projected 
1978-79 
(annual average) 

81,441 
16,772 
3,158 



These data indicate that* the annual average supply will exceed 
demand once the, current shortage is satisfied. A breakdown by 
specific options is presented ii} Table 2. 

Based on these data, one would not anticipate that current spot 
shortages will persist. Indeed, Neal Rosenthal, chief of occupa- 
tional outlook at the^BLS, believes "the 'supply should start to 
balance .out the demand (from industry) as we, get further into the 
1980s" ( The Wall Street Journal, August 20, 1981). 

Finally, one must turn -to data from California's Employment Develop- 
ment Department (EDD) . Portions of two tables contained in the 
Department's Projections of Employment , 1980-85, are -reproduced in 



TABLE 2 

EMPLOYMENT, 1978- AND 1990 (PROJECTED), 
.AND AVERAGE ANNUAL OPENINGS, 8Y OCCUPATION, 1978-90 



Estin^ted Projected 



Annual Average Openings, 1978-90 







Employ* 


Employ- 


Percent 




Employ- 


Reolace- 


Occupation 


HEGIS 


tnent, 


m 


Change, 




ment 


ment 


Code 


1978 


1978-90 


Total 


Change 


Needs 


Engineer! 


0900 


1,136,000 


1,441/000 


26.8 


46,500 


25,500 


21,000 


Aerospace 


0902 


60,000 


70,000 


20.7 


1,900 


1,000 


900 


Agricultural 


0903 ' 


i 4,000 


17,800 


26.8 


600 


300 


3.00 


Biomedical 


0905 


4,000 


' 5,100 


26.8 


£75 


100 


175 


Ceraaic 


0916 


14,000 


17,800 


26.3 


550 


300 


250 


Caeaical 


0906 


53,000 


63,000 


20.0 


1,300 


900 


900 


Civil 


0908 


155,000 


190,000 


22.8 


7,800 


2,900 


4.900 


Electrical 


0909 


300,000 


364,000 


21.5 


10,500 


5,400 


5,100 


Ioduatrial 


0913 


185,000 


233,000 


* 26.0 


3,000 


4,000 


4,000 


Mechanical 


0910 


195,000 


232,000 


19.1 


7,500 


3,100 


• 4^00 


Metallurgical 


0914 


16,500 


2^,300 


29.0 


750 


400 


350 


Mining' 


0918 


6,000 


9,500 


58.3 


600 


Joo 


300 


Petroleum 


0907 


17^000 


23,400 


37.6 


900 


550 


350 


ource: ^Bureau of Labor Statistics, 


1980. 
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Table 3. The table shows total 0 engineering employment in California 
in 1980 and projected employment in 1985. It also shows projected 
demand over the same period of time, with a 4.29 job opportunity 
ratio (annual average increase in need) for • all of engineering. 
During the 1975-1980 period, engineering degree output irom the 
University, State University, aqd independent institutions has been 
on a steady increase of approximately 10 .percent per year. However,' 
at the M.S. and Ph.D, levels, output has declined an annual average 
of 1.8 percent and 1.6 percent, respectively. Whil* California 
institutions have been able to increase their output of B,S. degrees 
to nearly double the rate of need as indicated by the EDD if current 
immigration rates hold for engineers, they appear to have fallen 
woefully- short in maintaining a balance in graduate degrees. 
California is not unique. All other 3tates have had substantial 
increases in undergraduate enrollments and baccalaureate degrees, 
while graduate enrollments have dropped substantially because of 
the attractive salaries paid by industry to those persons completing 
a bachelor's degree program. This is why many, authors have been 
concerned about our continuing to "eat our seed corn." If colleges 
and universities are not able to supply people with advanced degrees 
for both industry and education (the teaching faculty of tomorrow-- 
the topic o,f Chapter Three) , we will no longer be able to provide 
quality educational ^opportunities . We will have indeed eaten the 
seed corn. 



TABLE 3 

ENGINEERING EMPLOYMENT Hf CALIFORNIA, 1980-1985 

Job Opportunities, 



1980 to 1985 







Net 










Oemand 


Replacement 


Total Job 


Total 


From 


Needs Oue to 


Opportunities 


A11 Industries 


Industry 


Labor Force 


From 


1980 


M£ 


Change 


Separations 


These Sources 


268555 


300497 


31943 


25611 


57554 


2L786 


22368 


582 


1772 


2354 


5875 


6692 


318 


5*1 


1409 


31121 


34344 


3224 


3674 


6898 


73989 


83485 


9496 


5059 


U455S 


41883 


47820 


5937 


4395 


10332 


32995 


35214 


2219 


3615 


5834 


2226 


2508 


282 


229 


511 


474 


602 


128 


115 


243 


1332 


1863 


31 


" 193 


224 


7379 


81L7 


738 


897 


1635 


48997 


57484 


8488 


5071 


13559 


74637 


57037 


12401 


4181 


16582 


4435 L 


" 51253 


6903 


2390 


9293 


25482 


30203 


4721 


1524 


6245 


480S 


5581 


777 


267 


L044 



Occupational Category 

Engineers, Technical 

Engineers, Aero-Astronau^ic 

Engineers, Chemical 

Engineers, Civil 

Engineers, Electrical 

Engineers, Industrial 

Engineers, Mechanical 

Engineers, Metallurgical 

Engineers , fining 

Engineers, Petroleum* 

Engineers , Sales 

Engineers, Other 
Computer Specialists 

Computer Programmers 

Computer Systems Analysts 

Other Computer Specialists 

Source: Employment Development Department, 1979, pp. 48, 58. 
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CONCLUSION c 



When one reads that search firms are being paid up to $10,000 to 
locate a $30,000 engineer, that Loral Electronics pays $5,000 for 
referral of an engineer with four years of experience, that three 
Lockheed divisions pay employees $1,000 for each engineer they 
refer , that the engineering graduate has an average of 10 job 
offers from which to choose, that students are signing agreements 
in their junior year, that include employment guarantees and some- 
times even the relocation of girlfriends or boyfriends, that the 
number 'of certifications from the Department of 'Labor for permanent 
hiring of aliens which are v«ry costly to the employer has quad-" 
rupled in four years, that Rockwell with 17,000 engineers on the 
payroll looked to hire 900 more in 1981 J that the California Society 
of Professional Engineers reports that Hughes Aircraft is short 
^ 2,000 technical employees and that Hewlett Packard has a shortfall 
of 2,500 employees, an*I that Vandenberg Air Force Base has announced 
a 14-raonth delay in launching the first military , payloads aboard 
the space shuttle because of a shortage of engineers, one must 
conclude that a current shortage *of engineers clearly exists in 
certain specialties. 

Yet current shortages do not necessarily imply future /scarcity. 
Science, mathematics, and engineering manpower forecasts do not 
#ave a good track record, since employment demand fluctuates so 
greatly. For instance, since 1961, Deutsch, Shea & Evans Inc., has 
maintained a "High Technology Recruitment Index" measuring the 
demand for engineers and technical professionals based on advertis- 
ing. Figure 4 shows the changes in" this recruitment index along 
with the fluctuations in numbers of engineering degrees at the 
baccalaureate level over the past 30 years , (Deutsch, Shea & Evans, 
Inc.^, 1979). As can be seen, college and university production of 
engineering graduates in the United States have often been out of 
synchronization with the demand for engineers* Enrollments expand 
in response to rising demand but, due to the time factor involved, 
often overshoot the mark, and students then find themselves in a 
downward swing in the economy. By the time enrollments respond to 
the swing downward, the demand is once again on the rise and is in 
excess of the supply. One can easily associate the t;wo curves in 
Figure 2 with history. In the mid-1960s, the recruitment index was^ 
high but enrollments did not respond by increasing until the early 
1970s. By that time, demand had dropped due" to large cuts in NASA 
^ and defense spending. The supply of engineers greatly exceeded the 
-l demand m in the early 1970s. The current expansion in engineering' 
enrollments raises the spSctre tha^ another cycle of shortage and 
surplus may be in the offing. 




"So far, however, the job market remains tight for engineers in all 
- fields and at all degree levels. Even the recent downturn in fkhe 
economy has not appreciably influenced the demand for engineering * 
or' computer science graduates. Although the High Technology Re- 
cruitment Index of Deutsch, Sfcea & Evans dropped from 147 in January 
1981 to 126 by December before rising to 131 for January 1982 (1961 
= 100), and although Deutsch, Shea & Evans see nio, reasonable grounds 
to believe that " the downturn has leveled out or is in the process 
of turning around ("Decline in Technical Demand Index €xpected to. 
Continue," 1982, p. 22), so far, this reduced demand has simply 
amounted to graduates having fewer offers from which to select. 



FIGURE 4 

DEMAND FOR HIGH-TECHNOLOGY PROFESSIONALS 
AND DEGREES IN ENGINEERING GRANTEB, 1950-19«^ 
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Source: Deutsch, Shea & Evans, Inc., 1979. 
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Demand continues^ to exceed supply, and salaries* for technical 
graduates continue to increase. Table 4 reports the average salary 
offers made through March 5, 1982, to engineering and computer, 
science students graduating between September 1, 1981, and August 
31, 1982, according to data from 184 placement offices' at 161 
colleges and universities participating in the annual starting 
salary survey of the College Placement Council. As of s that date, 
20,608 offers had been made to bachelor's degree candidates, 1,842 
to inexperienced master's degree candidates, and 207 to doctoral 
j candidates. Engineering disciplines accounted for 60 percent of 
all "bachelor's degree offers, and computer science majors received 
the most offers of all. In terms of starting salaries, petroleum 
engineering leads the field, with an average monthly offer of 
$2,536—an increase of 15 percent since July 1, 1981., Chemical 
engineering is second', at $2,264 *per month--up 11.5 percent '/over 
July. And other engineering specialties increased from 5 to 14 
percent. 

Certainly program planners in higher education should not assume 
that demand for engineering and computer science graduates will - 
Always outstrip supply, and obviously college and university pro- 



TABLE 4 

ANNUAL STARTING SALARIES FOR ENGINEERING AND COMPUTER SCIENCE 
GRADUATES, SEPTEMBER 1, 1981 - AUGUST 31, 1982 
FOR COMMITMENTS MADE PRIOR TO M/\RCH 5, 1982' 

Inexperienced Ph, D. ' Percentiles 
Speci ) aU^ B.S. M. S. ■ Average u ' 90th 50th 10th 

Aeronautical 

Chemical 26,952 $29,712 $35,376 $38,400 $35,700 $31,200 

Ci^il 23,496 27,036 31,908 

Electrical 

(Comp. Engr.) 24,504 _ 28,032 35,988 39,600 36,252 30,996 

Geological 
Industrial 
Mechanical 
Metallurgical 
Mining 
Nuclear 
Petroleum 
Engr. Averag'e 

Computer Science 

Source: The College Placement Council, March 1982 
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grams should not bp expanded exponentially to meet potentially 
temporary shortages. .But particularly in California, educational 
planners cat} expect continued high demand for these graduates ' 
through the mid-1980s, * 
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CHAPTER TWO 
(PROGRAMS. AND WROLLMENTS 



The attraction of job opportunities at high salaries for beginning 
engineers has lured 'more and more students to choose ^engineering 
and computer science as their majors since the mid-1970s. The 
number T of baccalaureate degrees awarded in these fields nationally 
in 1981--69, 170'— w^s up 88 -percent f rom/1976 and 100 percent from 
1973, and this number could reaqh 80,000 by 1984. Already, 74 out 
of every 1,000 bachelor's degrees conferred are^Swarded in engineer- 
ing, compared' to 6nly 40 in 1977. 

I Engineering enrollments have beeh expanding similarly In Califor- 
nia's colleges and universities, although limits are now having to 
be placed on 'admissions to programs in public universities because 
of faculty and resource shortages. This chapter describes trends 
in California enrollments as well as several spe'cific issues and 
problems involving these programs that ^warrant the attention of 
State and institutional policy makers. ♦ 



ENGINEERING AND COMPUTER SCIENCE 
PROGRAMS IN CALIFORNIA 



Twenty-six colleges and universities in California offer engineer- 
ing programs. accredited by the Accreditation Board for Engineering 
and Technology (ABET), form^ly .the Engineers' Council for Profes- 
sional Development — the^agency recognized by the U.S. Secretary of 
Education and the Council on Postsecondary Accreditation as the 
national accrediting authority concerning the quality of engineer- 
ing' and engineering technology programs offered by educational 
institutions in the United States. Of those 26,. 25 have been 
surveyed by the California Postsecondary Education Commission 
regarding their engineering programs. (Data were not requested 
from, the U.S. Naval Postgraduate School because most o^its gradu- 
ates are not available upon graduation for general recruitment by 
industries in California.) The Commission also" surveyed the Uni- 
versity of California ,at San Diego, even though ^t the time of the 
survey none of its engineering programs were accredited by ABET. 
(Since then,- its electrical engineering program has been accred- 
ited.) * 

The engineering programs accredited by ABET at each campus surveyed 
by the Commission include the following (Accreditation Board -for 
Engineering hnd Technology , 1980): 
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CALIFORNIA ATE UNIVERSITY 



California Polytechnic State University, Saa Luis Obispo 



Aeronautical 
Agricultural 
Architectural 



Civil ■ 
Electrical t - 
Electronic 
Environmental 



California State Polytechnic University, Pomona 



Aerospace 
Chemical 



Civil 

Electrical and 
Electronic 



California State University, Chico 
Civil 



Electrical and 
Electronic 



Industrial 
Mechanical 
Metallurgic 



Industrial 
Mechanical 



Mechanical 



California State University, Fresno 



Civil 

Electrical 



Mechanical 

Surveying and Photogrammetry 



California State University, Fullerton 
Engineering % 

California State University, Long Beach 

Chemical Electrical 

Civil Engineering 
Computer Science , ' 

and Engineering 

California State University, Los Angeles 
Civil ' Electrical 

California State University, Northridge 
Engineering 

California State University, Sacramento 
Civil 



Electrical and 
Electronic 



Humboldt State University 

Environmental Resources 
Engineering 



Materials 

Mechanical 

Ocean 



Mechanical 



Mechanical 
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San Diego State University 

Aerospace _ Civil Mechanical 

Electrical * ' ( 

San Francisco State UniVeT?sity 

Engineering . * 

San* Jose State University *. 

Chemical Electrical Materials 

Civil Industrial and Mechanical 

Systems 



UNIVERSITY OF CALIFORNIA 
University of California/ Berkeley ' t 

Chemical Materials Science Nuclear Engineer- 

T" vil and Engineering ing and Mechan- ~r 

Electrical Engineer- Naval Architecture ical Engineering ' 

' ing and Computer Nuclear Engineering Sanitary 

Sciences a nd Electrical En- Transportation 
'Industrial Engineer- gineering andCom- 
ing and Operations puter Sciences 



Research 



University of California, Davis 



^ Agricultural Civil Electrical 

Chemical Mechanical 

University of California, Los Angeles 
tngmeering 

1 

University of California, Irvine 

Civil Electrical Mechanical 

University of California, Santa Barbara 

Chemical Mechanical Nuclear 

Electrical 



ERIC 
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ACCREDITED INDEPENDENT 
COLLEGES AND UNIVERSITIES 



California Institute of Technology 



Aeronautics 
Chemical v 

Harvey Mudd College 

Engineering 6 

Loyola Marymount University 

Civil . Electrical 

Northrop University 

Aero space; Electronic 

University of the Pacific 

f " Civil * 'Electrical 
„ * 

University of Santa Clara^ 

Civil Electrical 

Engineering 
and- Computer 
Science 

University of Southern Califoriiia 

Aerospace Ci/il Engi- 

Chemica 1 neering/ 
Civil Building 

Sciences 
Electrical 



Engineering and Applied Science 
Environmental Engineering Science 



Mechanical 



Mechanical 



Mechanical 



Industrial and 

Systems 
Mechanical 
Petroleum 



Stanford University 

Aeronautical 'and 
Astronautical 
Chemical , 



Civil 

Electrical 



Industrial 
Mechanical 
Petroleum 



(This list of accredited programs illustrates a difference in 
institutional philosophy on accreditation. Some institutions seek 
ABET accreditation for each special major in engineering while 
others seek accreditation for only generic engineering although 
they offer many options, specializations, or concentrations under 
this general accreditation.) 
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Beyond these campuses, the Commission has sought iaformation on 
computer science programs from all 19 State University campuse3, 
all eight general campuses^of the University ,*'and all eight indepen- 
dent colleges and univer^p&es having accredited engineering pro- 
grams. The following sections of this chapter report enrollment 
and degree trends in engineering and then computer science first 
for the California State University, then the University of Cali- 
fornia, and finally the independent institutions before turning to 
general admission and enrollment problems facing all segments- of 
California higher education in^these two fields. 



CALIFORNIA STATE UNIVERSITY 



Engineering 

Twelve of the 13 State University campuses surveyed offer majors in 
civil, electrical and. mechanical engineering. (The exception is- 
Humboldt which offers a baccalaureate program in environment/ resource 
engineering only.) Four campuses offer majors in chemical engineer- 
ing—Northridge , Long Beach, Pomona , and San Jose. Other engineer- 
ing majors, including agricultural, aeronautical, -industrial, 
petroleum, and environmental engineering are coffered on only one, * s 
two, or at jnost three campuses-. At most campuses, computer engi- 
neering (electrical design of computers) is anHntegral part of the * 
electrical or electrical/electronic engineering program. <^ 

Figure 5 displays the growtij since 1975 in total undergraduate 
engineering enrollments in the 13 State University campuses surveyed. ^ . ' ' 

These enrollments have nearly doubled since 1975, reaching 21,317 
students in fall 1981. All majors, including electrical, mechani- 
cal, *civil, chemical, and other engineering have had nearly pro- 
portional increases. (Undergraduate enrollment data from California 
State University, Northridge, were not provided by' majors, and its 
engineering enrollment has been separated into these five area^s by 
applying ratios from systemwide data.) 

Figure 6 shows that the number of baccalaureate engineering degrees 
conferred during the same period has increased by 120 percent. 
Baccalaureate degrees in electrical engineering have increased by 
133 percent, civil by 94 percent, mechanical by 160 percent, chemi- 
cal by 206 percent, and others by 83 percent. 

Nine of the State University campuses offer graduate programs in 
engineering. The three largest programs are at San Jose, Long 
^Beach, and Pomona. These three campuses account for approximately 
53 percent o if the master's degrees awarded m engineering in the' 
system. Figures 7 and 8 indicate that graduate trends in the State 

J 

* 
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FIGURE 5 



UNDERGRADUATE ENROLLMENTS IN ENGINEERING 
CALIFORNIA STATE UNIVERSITY 
FALL 1975 THROUGH FALL 1981 
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■V FIGURE 6 

BACCALAUREATE DEGREES CONFERRED IN ENGINEERING 
CALIFORNIA, STATE UNIVERSITY 
1975-76 THROUGH 1981-82 
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FIGURE 7 
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GRADUATE ENROLLMENTS IN ENGINEERING 
CALIFORNIA STATE UNIVERSITY 
FALL 1975 THROUGH FALL 1981 
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MASTER'S DEGREES CONFERRED IN ENGINEERING 
CALIFORNIA STATE UNIVERSITY ' 
1975-76 THROUGH 1981-82 
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University reflect what is happening nationally at the graduate 
level— until 1981 both enrollments and master's degrees conferred 
remained below the 1975 level. 

Engineering Technology 

The t Accreditation Boara for Engineering and Technology defines 
engineering technology as that part of the technical field which 
requires the application of scientific and engineering knowledge 
and methods combined with technical skills in support of engineer- 
ing activities; it lies in the occupational spectrum between the 
craftsman and the engineer at the end of the spectrum closest to 
the engineer. The engineering technology curriculum has less depth 
in mathematics, sciences, and engineering sciences than the engi- 
neering program but provides more traiaing in skills- Experience 
has shown that .many technologists have careers in engineering after 
several years of experience and ^J^ther in-house company training. 

Since technology programs bear an important relationship to engi- 
neering, it is important to consider enrollments and degrees granted 
in this field.' Four of the 13 State University campuses surveyed 
also offer bachelor's degree programs in engineering technology- 
San Luis Obispo, Pomona, Sacramento, and San Jose. San Luis Obispo 
offers five majors — air conditioning and refrigeration, mechanical, 
electrical, manufacturing processes, 'and welding. Pomona offers 
electronics, aerospace, construction manufacturing, and mechanical 
techiylogy . Sacramento limits its programs' to mechanical and 
construction technology and San Jose offers aeronautics only. t 
Figure 9 shows the growth in these programs since 1975. Enroll- 
ments in 1981-82 have increased by 36 percent over those in 1975-76 
while degrees conferred have increased by 31 percent. Approximate- 
ly one-third of these enrollments and degrees granted are in aero- 
nautics, one-fourth in mechanical, one-fifth in electrical, and the 
remainder in other technologies. 

Computer Science 

Educational programs directed toward computers are generally divid- 
ed into two categories — (]^^computer hardware dfesign, which is 
usually associated with an electrical or electronic engineering 
program or at a few institutions is given the separate title of 
tamputer engineering; and (2) computer applications, which is 
frequently tied to a mathematics program. Many computer applica- 
tions courses are taught in business, psychology, educational 
^testing, and other areas. Occasional computer courses in these 
subject fields as an aid in dat'k processing are not classified as 
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FIGURE 9 

FALL TERM ENROLLMENTS AND BACCALAUREATE 
DEGREES CONFERRED ANNUALLY IN ENGINEERING TECHNOLOGY 
CALIFORNIA STATE UNIVERSITY 
1975-76 THROUGH 1981-82 
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computer science, but concentrated studies in computer applications 
generally are classified as computer science provided they are 
based on curricula as outlined by the Association for Computing 
Machinery. 1 

Nine State University campuses have offered such computer science 
curricula at the baccalaureate level since 1975. Three more added 
computer science in 1978 as did two in 1979 and one in the winter 
term of 19&2. At the master's level, five campuses offered such 
programs in 1975, with one added each in 1977,, 1980, and 1981. 
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Computer science* is the fastest growing subject area in the State 
University. Undergraduate enrollments have increased by over -500 
p^cent since 1975 and master's enrollments by 375 percent. The 
degree output is small but nevertheless it 'increased by over 250 
fiercest at both the B.S. and the M.S. level between 1975 and 1981. 
Figure 10 shows bachelor's degrees awarded and Figure 11 shows en- 
rollments since 1975 in these programs .stressing computer applica- 
tions, and master's degrees and enrollments for the same period.^ 
The high ratio of enrollments to degrees conferred appears to stem 
from four reasons: (l) the programs are relatively new (several 
fiave not been in existence long enough to produce graduates); (2) 
they enroll a' high percentage of part-time students; (3) many of 
their students satisfy their objectives without completing the full 
degree program; and (4) their dropout rates may be high. 



UNIVERSITY OF CALIFORNIA 



Engineering 

Figures 12 and 13 provide a graphic display of the growth in baccar 
laureate engineering enrollments and degrees conferred by the 
University of California over the past six years. Enrollments 
increased by 154 percent and the number of B.S. degrees awarded 
increased by 84 percent, with the growth of degrees in individual 
majors varying' considerably — computer engineering increased by 244 
percent, electrical engineering (which includes computer engineer- 
ing on some campuses) increased by 138 percent, chemical engineer- 
ing by 179 percent , mechanical engineering by 128 percent , and 
civil engineering by 40 percent. The only category that showed a 
decrease (38 percent) is the "other" classification, which includes 
aerospace, systems, nuclear, 'and other relatively low-enrollment 
majors. (Undergraduate enrollment data from UCLA was not provided 
by majors, and its total engineering enrollment has been separated 
into these six categories by applying ratios from systemwide data.) 

Graduate enrollments and degrees awarded at both the masters and 
doctoral level .(illustrated in Figures 14 through 17) have followed 
what has been observed as a national trend, that is, decreases in 
the late 1970s followed by a small upwa'rd trend in che early 1980s. 
While undergraduate enrollments increased by 154 percent over trtie 
past six years, enrollments at the master's JLevel have essentially 
be'en static (Figure 14) and the number of, master's degrees con- 
ferred in 1980-81 was fewer than in the mid-197^s (Figure 15'). 
Doctoral enrollments dipped in 1977 but by 1980-81 were slightly 
above the 1975, level (Figure 16) . The number of dottorates declin- 

(Text continues on page 35>) 
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FIGURE 10 

FALL TERM UNDERGRADUATE ENROLLMENTS AND BACCALAUREATE 
DEGREES CONFERRED ANNUALLY IN COMPUTER SCIENCE 

CALIFORNIA STATE UNIVERSITY 
•J 1975-76 THROUGH 1981-82 
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FIGURE 11 

FALL TERM MASTER'S ENROLLMENTS AND DEGREES 
CONFERRED ANNUALLY IN COMPUTER SCIENCE 
CALIFORNIA STATE UNIVERSITY 
1975-76 THROUGH 1980-81 
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j FIGURE 12 



UNDERGRADUATE ENROLLMENTS IN ENGINEERING 
UNIVERSITY OF CALIFORNIA 
FALL 1975 THROUGH FALL 1981 
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FIGURE 13 

BACCALAUREATE DEGREES CONFERRED IN ENGINEERING 
UNIVERSITY OF CALIFORNIA 
1975-76 THROUGH 1980-81 
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FIGURE 14 
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MASTER'S ENROLLMENTS IN ENGINEERING 
UNIVERSITY OF CALIFORNIA 
FALL 1975 'THROUGH FALL 1981 
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FIGURE 15 

MASTER'S DEGREES CONFERRED IN ENGINEERING 
UNIVERSITY OF CALIFORNIA 
1975-76 THROUGH 1980-81 
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FIGURE 16 



DOCTORAL ENROLLMENTS IN ENGINEERING 
UNIVERSITY OF CALIFORNIA 
FALL 1975 THROUGH FALL 1981 
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FIGURE 17 

DOCTORATES CONFERRED~IN ENGINEERING 
UNIVERSITY OF CALIFORNIA , 
1975-76 THROUGH 1980-81 
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ed by 20 ^percent between 1975-76 and 1978-79, then rose to 5 percent 
above the- mid-1970 level *in 1980-81 (Figure* 17). Clearly, the 
number of graduate degrees conferred no longer bears a relationship 
to the increase in undergraduate degrees. Since graduates with a 
bachelor's degree can obtain reasonably well-salaried positions in 
industry, .they have little incentive at this time to pursue advanced 
degrees. "Chapter Seven discusses several incentives the State 
could employ to encourage more engineering students to enter grad- 
uate education and discusses the Ij&ck of graduate enrollments in 
detail. 



Computer Science 

* <# 
Figure 18 displays the changes taking place in undergraduate com- 
puter science enrollments and in compute^ science degrees granted 
by the University of California. Enrollments are increasing at an 
exponential rate but the number of degrees granted is increasing 
slowly, indicating that students are apparently obtaining their 
objective without completing the full baccalaureate program or are 
dropping out before completing their degrees. 

Figure 19 "shows that at the master's level, enrollments and the 
number of degrees granted decreased substantially from 1975-76 to 
1979-80 but are now showing an increase. Doctoral degrees and 
enrollments have followed the same pattern as seen in Figure 20, 
with enrollments in 1981-82 slightly above 1975-76 levels. 



FIGURE 18 



FAIL TERM UNDERGRADUATE ENROLLMENTS AND BACCALAUREATE 
DEGREES CONFERRED ANNUALLY IN COMPUTER SCIENCE 

UNIVERSITY OF CALIFORNIA 
1975-76 THROUGH 1981-82 
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FIGURE 19 



FALL TERM MASTER'S ENROLLMENTS AND MASTER'S DEGREES 
CONFERRED ANNUALLY IN COMPUTER SCIENCE 
UNIVERSITY OF CALIFORNIA 
1975-76 THROUGH 1981-82 
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TERM DOCTORAL ENROLLMENTS AND DOCTORAL DEGREES 
CONFERRED ANNUALLY IN COMPUTER SCIENCE 
UNIVERSITY OF CALIFORNIA 
1975-76 THROUGH 1981-82 
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' INDEPENDENT COLLEGES AND UNIVERSITIES 

The number of engineering degrees granted by each of the accredited 
independent institutions in 1981 appears in Table 5, based on data 
compiled by the Engineering, Manpower Commission. The Commission's 
Information Digest indicates the total B.S. degree output in engi- 
neering of all independent institutions wojald be approximately 5 
percent higher if the output of approved and authorized institutions 
were added to that of accredited institutions (California Postsec- 
ondary Education Commission, 1981,, p. 182). 



TABLE 5 

ENGINEERING DEGREES AWARDED BY ABET- ACCREDITED 
INDEPENDENT CALIFORNIA COLLEGES AND UNIVERSITIES 

1981 



Institution 


B.S. 


M.S. 


Engr. 


Ph.D. 


Cal Tech 


120 


106 


1 


42 


Harvey Mudd 


44 


5 






Loyola Marymount 


" 33 


27 






Northrop 


85 


13 






Santa Clara 


62 


86 


v- 




Stanford t 


255 


710 


36 


130 


UOP 


52 








use 


354 


351 




44 


Total 


1 , 005 


1,298 


37 


216 


Source: Doigan, 1982, 


p. 706. 









ISSUES IN CALIFORNIA ENGINEERING 
AND COMPUTER SCIENCE EDUCATION 



California leads all states in the total number of B.S., M,S., 
Ph.D., degrees awarded in engineering—during 1981, a record 9,366. 
New York produced the second greatest number of B.S. and engineer- 
ing M.S. degrees, while Illinois and then New York produced the 
second and third greatest number of engineering Ph.Ds. Table 6 
display the number and proportion of engineering degrees awarded in 
California compared to national totals. At this time, similar data 
are not available in the computer sciences. 

~* 

-"7 
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' / TABLE 6 

' • NUMBER AND PERCENT OF ENGINEERING DEGREES 

AWARDED BY CALIFORNIA INSTITUTIONS AND NATIONALLY 
' 1981 

» , Percent Awarded by 

Level National Totals Cal ifornia Totals California Institutions 



B.S. *?2,935 5,684, 9.0% 

M.S. 17,643 • 3,088 17.5 

Engr. . 271 1 83 30.6 ' 

Ph.D. 2,841 511 - 18.0 

Total 83,690 9,366 11.2% 

Source: Doigan, 1982, pp. 705, 706. 



8 

Enrollment of ^JVomen and Minorities 

Nationally, women graduates received 10 percent of the engineering 
B.S. degrees in 1981. Black and Hispanic graduates each received 2 
percent. 

In California's public universities, the corresponding percentages 
were 9.4 for women, 1.0 for Blacksf and 3.8 for Hispanics. As 
Figure 21 shows, American Indians, Blacks, Hispanics, and women all 
showed gains in engineering enrollments during the 1976 to 1981 
period, as did Asians and Filipinos. The five-year increases were 
133 percent for women, 61 -for Hispanics, 61 £o£ Blacks, and 60 for 
American Indians, although the actual number of individuals was 
small. These gains were reflected in a decrease of 6 percent in 
the proportion of white males. 

In computer science, women received 27.2 percent of the B.S. degrees 
awarded by California's public universities in 1981; Blacks received 
1.0 percent; and Hispanics received 3.6 percent. Figure 22 shows 
enrollment gains for American Indians, Blacks, Hispanics, and women 
in computer science at all degree levels in both public segments 
over the five-year period. Enrollments of women increased by 219 
percent, Hispanics by 418 percent, Blacks by 215 percent, and 
American Indians by 77 percent. In spite of these large percentage 
increases, the actual number of persons in each group was still 
small. 

This topic is discussed further in*Chapter Five, and more informa- 
tion about the enrollment of women and minorities in general appears 
in the Commission's recent report on Equal Educational ' Opportunity 
in California, Part IV (1982). 1 
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ENROLLMENTS IN .ALL DEGREE LEVELS IN ENGINEERING 
FOR SELECTED ETHNIC MINORITIES AND FEMALES 
CALIFORNIA STATE UNIVERSITY AND UNIVERSITY OF CALIFORNIA 

1976 THROUGH 1980 
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FIGURE 22 

ENROLLMENTS IN ALL DEGREE LEVELS IN COMPUTER SCIENCE . 
FOR SELECTED ETHNIC MINORITIES AND FEMALES 
CALIFORNIA STATE UNIVERSITY AND UNIVERSITY OF CALIFORNIA 

1976 THROUGH 1980 ■ 
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Limits on Admission 

'It is becoming increasingly difficulty gain admission to engineer- 
ing and computer science programs in Calif ornia's public universi- 
ties. As these programs increase in enrollment, a point is reached 
where .faculty, equipment, space, and support ^re insufficient to 
accommodate more students. Student-faculty radios and equipment 
problems are increasing. Unless the State provides more, adequate 
resources, actions to hold enrollments at* current levels or reduce* 
them can be expected. 



Impaction : Next fall, in the State University, the following 

declarations of impaction that impose supplemental admissions 

criteria will be in effect at the bachelor 1 s alevel on these cam- 
puses: 



Campus 
Fresno 
Northridge 

Pomona 
Sacramento 
San Jose 



San Luis Obispo 



Major 

All Engineering 

Computer Science 
General Engineering 

All Engineering 
Computer Science 
Engineering Technology 

Computer Science 9 
Electrical and 

Electronic Engineering 

Aeronautic^ 
'Chemical Engineering 
Civil Engineering ,v 
Computer Science Engineering 
Electrical Engineering 
General Engineering 
Industrial knd Systems, 

Engineering 
Materials Engineering 
Mechanical Engineering 

Entire Campus 
All Engineering 
Computer Science 
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This leaves seven campuses in the State University system with 
engineering or computer science programs thalfuave not been declared 
impacted — Chico> Fullerton, Humboldt, Long Beach, Los Angeles, San 
Diego, and San Francisco. Even those campuVes that have not been 
declared impacted close applications for admission to engineering 
programs at an early date. As not£d, the entire :iala Luis Obispo 
campus has *been declared impacted for the past five y^ars. 

As of ndxt fall, the following majors and degree^J/evels will be 
declared impacted by the University of California: 



Campus 


Major 


B. S. 


M. S. 


Ph. 


Berkeley 


Electrical Engineering- 










Computer Science 


X 


X 


* X 




Mechanical Engineering 


x • 


\ x 


X 


bavis 


All Engineering 


X 


X 


* X 




Computer Science 


X 


X 


X 


Irvine 


Computer Science 


X 


.X 






Electrical Engineering 


X 








,Civil Engineering 


X < 








Mechanical Engineering 


X 






Los Angeles 


Engineering 


X 








• Mathematics/Computer*^ 










Science 


X 








Computer Science 




X 


X 




* Electrical Engineering 




X 


X 


Riverside 


P re-engineering 










(two-year program) 








San Diego' 


Computer Engineering 


X 








Computer Science 


X 








Electrical Engineering^ 


X 






Santa Barbara 


Electrical Engineering 


X 


X i 


X 




Mechanical Engineering 


X 








Chemical Engineering 


X 






Santa Cruz 


Computer/ Information 










Sciences 


X 







Some of these declarations of impaction date back to 1977. 
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Meaning of Impaction : When a program has been declared impacted 
both by campus and segmental officials, various supplemental admis- 
sion criteria can be established. As the lower limit, four Univer- 
sity and four State University campuses hold to the announced 
filing date for admission rigidly, if more students apply by that 
date than they can accommodate 9 they select students either in 
sequential order of receipt of applications or on the basis of high 
school- GPA and SAT scores, although special provisions apply for 
minority and handicapped applicants on some campuses. Most of these 
campuses as well as the others that have declared impaction at the 
undergraduate level give preference to California residents to the 
point where essentially all nonresidents are excluded from admis- 
sion to these programs. < 

At the most rigorous end of the supplemental admissions criteria 
spectrum, freshman applicants have in the past had to complete four- 
years of high school mathematics through trigonometry, one year of 
physics, one year of chemistry, achieved a high school GPA of 3.6 
or above,> and earned a minimum score of 1,100 on the SAT. Next 
year, however, some campuses will raise these requirements to a 3.8 
or 3.9 GPA, take honors courses into account, and^increase the SAT 
score required. 

Admission requirements for transfer students cover. an equally wide 
range. As a minimum, many campuses require completion of two full 
years of pre-engineering and meeting the filing date, with some 
ranking transfer applications by GPA. At the rigorous end of the 
spectrum, others require specific courses, such' as two years of 
calculus, 1 1/2 years of physics, one year of chemistry, and one 
introductory computer science course, plus a GPA of 3.3 or better. 

Student Preparation 

One can readily see that engineering programs are skimming off the 
cream of the crop of freshmen and transfer students. Yet, when 
asked by Commission staff about the preparation of entering engi- 
neering students, officials at seven CSU campuses and four UC 
campuses indicated that the preparation of high school graduates 
has declined during the past five years; those at six CSU and f our h 
UC campuses indicated that it has remained the same; and a repre- J 
sentative of one campus (with highly selective supplemental admis* 
sion criteria) stated that mathematics preparation had improved. 
With respect to high school preparation in science, respondents 
from 11 campuses indicated a decline, 10 stated it has remained the 
same, and one (at a highly selective campus) observed improvement. 
The same question was asked about the preparation of ^community 
college transfer students, and five campuses indicated a decline in 
quality over the past five years; 16^indicated the quality has not 

1 * 
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changed; while none indicated an improvement. (This topic of 
students and their preparation is treated more fully in Chapter 
Five.) 



Articulation of Community College and 
University-Level Programs 

AIL but one of the UC and CSU respondents to the Commission's 
questionnaire regarding engineering indicated that the articulation 
agreement developed by the Engineering Liaison Committee of the 
Articulation Council has satisfactorily resolved the issue of 
community college engineering transfers. The dissenter indicated 
that the agreement is no longer working and needed to undergo 
review . 

In contrast, most respondents' for computer science indicated that 
computer science transfer is not working well at the statewide 
level. ' The Board of Directors of the Articulation Council is aware 
of the lack of coordination in computer science programs and may 
soon establish an Ad Hoc Liaison Committee on Computer Sciences to 
resolve the matter. 



Placement of Graduates 

An unusually high proportion of engineering and computer science 
graduates of California's public universities find employment in 
California. Amoilg graduates of the State University over the past 
three years who obtained their position through the campus place- 
ment center-, 91 percent of those with a bachelor's degree accepted 
employment in California, as did 92 percent of those at the master's 
level, according to data submitted by the campuses in response to 
the Commission's survey. For the University, 87 percent of the 
B.S. graduates, 83 percent of the M.S. graduates, and 77 percent of 
the Ph.D. graduates accepted positions in California. (Most bache- 
lor's degree candidates utilize their campus placement center, but 
graduate students tend to obtain jobs througffother means or return 
to previous employers.) 

By comparison, Michigan State University reports that only 19 
percent of its graduates took in-state jobs, and Georgia reports 
only a 24 percent retention cate. , Ohio State, Purdue, and the 
University of Michigan report increasing numbers of graduates 
heading south and west ("Ndtt, a Brain Drain from the Frost Belt," 
1981, p. 87). 

The soaring. cost of relocating employees coupled with high interest 
rates and real, estate prices makes it difficult for California 
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high-technology industries to attract employees. The high percent- 
age, of California graduates who stay in California means that 
investments in engineering and computer science education in^Cali- * 
fornia ! s colleges and universities have, immediate pay-off to Cali- 
fornia's economy. The point can be carried even further: Graduates 
educated in the 4 Los Angeles-Orange County area tend to stay in that 
area, while the same is true for the Bay area. This fact should 
not be overlooked or treated lightly by industry or State govern- 
ment. 

Cooperation with Secondary Schools 
and Industry 

Most campuses are involved in cooperative efforts ranging from 
outreach programs with secondary schools to various programs with 
industry and government. ■ - fc 



High School Outreach : Four University campuses and six State 
University campuses are participants in MESA, an acronym for "Math- 
ematics, Engineering, and Sciende Achievement." The goal of MESA 
is to encourage talented minority-group students to take the neces- 
sary college-preparatory courses in high school in order to be able 
to major in engineering, physical sciences, or mathematics in 
college. MESA was initiated at Oakland Technical High School in 
1970 with 25 students.' Today there are 15 MESA centers statewide,^ 
involving approximately 2,700 students at 90 high schools. MESA is 
grounded in providing tutorial services by volunteer faculty and 
college students, peer study groups, and summer enrichment programs. 
A "graduate" of MESA must complete four years of high school mathe- 
matics, three years of a , laboratory science, and four years of 
English. Nearly 95_j?ercent of the 471 graduates in 1980 enrolled 
in college, with about two-thirds enrolling in mathematics-based 
disciplines . 

Three smaller outreach programs that use similar techniques are 
active on several campuses. One UC and one' CSU campus are involved 
in the Minority Engineering Program; two UC and £ ivfe- CSU campuses 
operate programs sponsored partially by the Society for Women 
Engineers; 'and one CSU campus is involved in the Black Students in 
Engineering program. ^ 

Iqdustry Programs: Twelve of the thirteen CSU campuses and all UC 
campuses report having formal internship programs with industry, 
including all- types of design, manufacturing, and engineering 
companies. Seven CSU campuses and all UC campuses report having 
formal cooperative research activities with industry. Four UC 
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campuses and four CSU campuses report having formal faculty ex- 
change programs with industry. Such exchange programs have been 
promoted heavilyjby engineering societies, since there can be many 
advantages from having faculty members work in industry for a 
period of time while industrial engineers with special expertise 
engage in college teaching and research.! 



Continuing Education 

While industry is lending support to campuses through the coopera- 
tive efforts described above, the campuses are also serving. industry 
and government through on-site continuing education programs. 
Seven CSU campuses provide instruction at 15 different work sites, 
mostly at the graduate level, and four UC campuses provide instruc- 
tion at 11 sites. Some offer only extension courses that terminate 
in a certificate, but others offer courses carrying full academic 
credit. Some campuses maintain f live television links to industrial 
and military sites for both credit and noncredit courses. In 
addition, UC-Berkeley makes certain television courses available at 
off-campus sites for auditing purposes only. 



Program Planning 

New technologies demand new programs or new specialized courses 
within existing majors. Among technologies that are" not" currently ,/ 
covered but may become academically importantr during the next 
decade, nine campuses noted computer-aided design/computer-assisted 
manufacturing (CAD/CAW) ; seven mentioned computer networking; six 
noted robotics , five named software engineering; three identified 
very large, scale integration (VLSI); and two each named artificial 
intelligence and bioengineering (and nine others identified satel- 
lite communications, mathematics modeling, ocean, data base manage- 
ment, computer-aided graphics, and human interface individually). 

This list represents a challenge to -systerawide and statewide plan- 
ning. Certainly some campuses should be encouraged £o develop 
degree programs around certain of these new technologies, particu- 
larly CAD /CAM and robotics, but which ones? California* cannot 
afford nor should it allow all campuses to move to develop these 
new majors, although some introductory courses may be necessary on 
most campiises . Early identification of the best locations for 
special high-cost majors is essential. Adequate support for facili- 
ties and equipment: can then be directed toward these designated 
centers rather than fragmenting resources among all campuses with 
none having enough to provide excellence in the new specialty. 
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CONCLUSION 



Enrollments in California's engineering and computer science pro- 
grams appear to be keeping pace with national trends, but most of 
California's public universities have declared many of their under- 
graduate engineering and computer science programs impacted largely 
due to lack of faculty and equipment. ' As a result, they have 
become aore selective in freshman and transfer student admissions 
to these programs than to non-impacted programs, and their enroll- 
ments in these programs may not keep up with demand as a result. 

One particularly noteworthy aspect of California's public higher 
education in engineering and computer science is that a vast major- 
ity of its graduates remain in California and contribute directly 
to its high- technology industries. 

The University and State University have developed numerous coopera- 
tive arrangements with high schools and industry, but a curricular 
challenge lies ahead for academic planners. New technologies must 
be introduced into engineering and computer science programs. This 
is the time to determine the need for these new specialties, their 
distribution, and campus location. 
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CHAPTER THREE 
FACULTY' 



As of January 1981, a total of 33,859 full-time faculty members 
were teaching engineering or computer science ,in American colleges 
and universities--26,992 Of them in engineering, and 6,867 in 
computer science. Their numbers had increased 25.1 percent over 
the previous five years, with engineering faculty growing 17.7 
percent from 22 ,924, and computer science faculty jumping 68 . 6 
percent from 4 , 133 . Women among engineering faculty increased 
their numbers 78.6 percent --from 449 >to 802, while in computer 
science they jumped 130.9 percent--f rom 482 to 1,113, although they 
sprll constituted only 5.7 percent of the full-time faculty members 
r'Fact-File: Engineers and Scientists at Colleges," 1982, p. 10). 

Despite^Xhese increased numbers of faculty, faculty shortages 
plague engineering and computer science programs, both nationally 
and in California. This chapter reviews the extent of~~these short- 
ages in the nation at large and then in the California State Univer- 
sity and the University of California, as well as issues of faculty 
recruitment, turnover, and salaries associated with them. 



THE NATIONAL SHORTAGE OF -ENGINEERING FACULTY 

At least half a dozen studies conducted to determine the extent of 
the faculty shortage in engineering have placed the magnitude of 
the shortage of full-time faculty at between 10 and 15 percent. 
For example, the latest and most definitive, undertaken by the 
American Council on Education under sponsorship of the National 
Science Foundation, the Department of Education, and the National 
Endowment for the Humanities, found that 10 percent of full-time 
engineering faculty positions were unfilled during Fall 1980 in the 
nation's 244 institutions with accredited engineering programs 
(Atelsek and Gomberg, 1981). Among its other findings: 

• The highest proportion of vacancies- - 16 percent — was 
in computer engineering, followed by electrical engi- 
neering at 13.4 percent? The lowest vacancy rate was' 
in aeronautical engineering at 4 percent. 

^ v 

• Almost 400 full-time engineering faculty members', 
representing 2.7 percent of the permanent staff, left 
academia for industry during the 1980-81 year. 



• More than three-fourths of the engineering deans cited 
superior industrial "salaries and financial benefits" 
as the chief reason that engineering faculty leave. 

• A high percentage of the deans believe the quality of 
both education and research has suffered as a result 
of the faculty problem. Eighty-two percent detected a 
decrease in the quality of instruction, and 75 percent 
saw a decline in the quality of research. 

• Fifteen percent of the deans pegged the decline in the 
number of engineering doctorates as the major problem. 

• Nearly one-fourth of full-time junior engineering 
faculty received their bachelor's degrees outside the 
United States, indicating that ?, engineers from other 
countries have prevented shortages from becoming even 
more severe . " 

In a parallel study, John Kemper, Dean o^ Engineering at the Univer- 
sity, of California, Davis, -found that the 244^ institutions had a 
total of 1,800 unfilled engineering faculty positions in 1980 and 
that 335 more* vacancies will occur each year between 19&1 and 1985 
because of retirements and an additional 380 each year because of 
increased enrollments (1980). He has calculated that for the 
ten-year period of 1981 to 1990, 7,525 vacancies will occur because 
of both retirements and expansion — an average of 750 per year. If 
the existing backlog of vacancies were to be reduced over the same 
ten-year* period at* 180 per year, .an average^ of 930 .persons with 
engineering doctorates would be needed each year for academic 
positions alone--and this number does not include the faculty 
needed to replace those who resign each year to enter business, 
industry, or government*. This need for faculty comes at a time 
when the number of doctorates awarded in engineering is at a low 
point — approximately 2,800 per year, with 1,760 of them U.S. citiT 
zens and 1,040 of them foreign nationals. Two-thirds of each 
year's doctorates are employed by industry, and only about one- 
fourth are both interested and qualified for teaching and research 
in an academic environment. Hence, the current domestic supply of 
engineering faculty is only 440 per year, far short of the minimum 
number of 930 needed each year. 

In a similar analysis (1981), Daniel Drucker estimates that of the 
approximately 2,800 engineering doctorates granted per year, no 
more than one-third are intellectually qualified for faculty posi- 
tions, and only one- third of these would choose academic over 
industrial positions, even if University salary scales were returned 
to the same ratio of industrial salaries as in the 1960s and if all 
foreign nationals remained in this country. His calculations would 
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indicate a supply of only 300 new faculty a yeax;, even'with these 
unlikely prospects'. 

Because the number full-time faculty has not kept \ace with 
increases fn enrollments, overcrowding of class sections and labora- 
tories and.' the hiring of large numbers of part-time faculty hav^e, 
become common, both of which have resulted in an increasingly 
overworked: full-time ^faculty and reduced program quality. Comment- 
ing on the ACE findings, Engineering Education News stated: 

An overworked and underpaid faculty is not a happy ^facul- 
ty , particularly when lucrative salaries , excellent 
benefits and first-rate laboratory equipment await almost 
any Ph.D. engineer who merely glances at an industrial 
recruiter ... 

As the faculty ^short^ge worsens, life in academe' becomes 
even less attractive. Fewer hands and minds must do more 
work, creating a vicious cycle. Ultimately schools 
suffer a loss of quality (1982c, p. 1). 

Faculty who are leaving the teaching of engineering for other 
employment are not merely the untenured and inexperienced. In a 
survey of engineers who had left academia, Eisenberg and Galanti 
found (1981, p. 701): 

The majority of the respondents were of a relatively 
mature age level, with 95 percent over age 30, 47 percent 
over age 39, and a mean age for the group of 39.9 years 
• • • • [0)ver half of the respondents had been promoted 
or tenured, or both. The personal profiles obtained from 
the survey appear to refute the generally widespread 
notion that only young , inexperienced faculty are leaving 
academia (underlining added for emphasis). 

Even nationally prestigious institutions are £hort of faculty: 

• Massachusetts Institute of Technology has been unable to fill 
all its faculty positions in such sought-after fields as micro- 
electronics and computer engineering. 

• Cornell University's College of Engineering has had some graduate** 
s seminars expand to 50 students from 20 students in less than a • 

decade, while seven of the school's 42 full-time faculty posi- 
tions in electrical engineering remain vacant . ("Surge in 
Engineering Enrollments* . . ., M 1981), 

• At the University of Michigan, the total faculty has declined by 
45 members while enrollments, steadily climbed during the last 
seven years (Peterson, 1982, p. 25). 
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• At the University of Illinois , Champa ign-Urbana , engineering 
enrollments are being reduced by 20 percent in order to maintain 
quality by relieving the pressure on overworked faculty and 
crowded laboratories . Even students who score j.n the 97th 
percentile on entrance exams are not admitted (Samuelson, 1981). 

Fred Landis, who has worked extensively on the use of engineers in 
industry and oa engineering manpower projections, foresees increas- 
ing difficulty in attracting faculty from a, shrinking supply of 
doctoral graduates. He has concluded that^n the short ruifithe 
nation's capacity to produce engineers may reach an upper liSit of 
70,000 to 80,000 per year, but that over a longer period, "this rate 
cannot'be maintained because of overstretched resources and will 
drop to between 50,000 to 60,000 per year (1981, p. 788). And 
Daniel Drucker of the JJniversity of Illinois, the president of the 
American Society for ■ Engineering Education has stated, "We're only 
fit to turn out 40,000 (engineering) B.S. graduates a year .... 
We can maintain quality only by shrinking in size" ( Engineering 
Education News , March 1982b, p. 4). 



CALIFORNIA STATE UNIVERSITY m 

The California State University employs 721 full-time engineering 
and computer science faculty on its 13 campuses that offer engineer- 
ing. Of these faculty members, 403 are professors, 172 are associ- 
ate professors, 56 are assistant professors, 86 are lecturers, and 
4 are instructors. Women comprise 3.5 percent of these full-time 
faculty, and non-citizens constitute 8.4 percent. 

In Order to meet its instructional load in engineering and computer 
science, the State University also employs 726 part-time faculty, 
equivalent to 221.8 full-time equivalent positions, of whom 5.6 
percent are^omen and 13.0 percent are non-citizens. If the State 
Universityi^^^jble Co compete effectively in the faculty recruit- 
ment markefc^llii^ it would fill 65 percent or 472 of these part- 
time-equivalent positions with full-time faculty. This would le^ve 
77 full-time positions reserved to employ some 320 individuals as 
part-time faculty to capitalize on their special expertise and to 
retain flexibility as student demands and interests change. 

Resignations and Retirements 

Within the past three years, 37 tenured and 37 non-tenured faculty 
have resigned. Thirty-nine were hired by industry, 32 accepted 

\ 
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positions at other universities, and 4 sought government or other 
employment. Thus industry is the major competitor for State Univer- 
sity faculty, followed closely by other universities. 

The retirement rate for full-time faculty has been about normal for 
the past three years, but is expected to double during 1982-1986, 
and more than double during the years 1986-1990. 



Faculty Recruitment 

The recruitment picture for the State University is very discourag- 
ing: 

• One large campus has attempted to fill 20 tenure-track positions 
in engineering over the past three years. From a total of 215 
applications, it made 22 offers—but 10 were rejected. 

• To fill three assistant professor positions, 11 associate profes- 
sor positions, and four professor positions in computer science, 
another' large campus has mad! a total of 15 offers over the past 
three years, resulting in only three acceptances, two of whom 
have subsequently resigned. This campus has found recent changes 
by the Trustees to hire assistant professors at associate profes- 
sor salaries useless because salaries are still far below the 
marketplace. 

• After three years, of intensive recruiting, a third large program 
has fewer full-time faculty than in 1979, due to inadequate 
salaries and high housing costs. 

• After recruiting for 31 positions over the past three years 
(including duplicates that could not be filled), a fourth campus 
has made seven appointments, but during this time seven more 
faculty departed. Many of its faculty are engaged in consulting 
because, as one of them stated, ,f we have to consult to support 
our teaching habit.' 1 

• A fi£th campus reports filling 12 of 20 positions in three 
years. A sixth has made three offers for five vacancies in the 
past three years and filled only one. A seventh has filled its 
computer science vacancies despite a 50 percent rejection rate 
to 'offers, but has found only nine faculty for 16 vacant engi- 
neering positions--and one of the nine resigned after one semes- 
ter. 

• An eighth campus with five vacancies received large numbers of 
applications from foreign nationals but only a few from U.S. 
citizens and hardly any , from women or minorities. A ninth, 



» 

located in a metropolitan area, has had applications only f^om 
aliens Srt io are in the U.S. on student visas, and cannot attract 
citizens to apply because of low salaries. And a tenth, also in 
a metropolitan seating, receives applications primarily from 
* foreign nationals with no industrial * experience and has made 14 
offers in the past three years for *f our acceptances "^and 10 
rejections. N 
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To overcome these recruitment problems, the Trustees of the State 
University have adopted the policy, that from April 1, 1982, until 
June 30, 1983, new faculty in engineering, computer sciences, and 
business administration may be hired at steps 1 to 5 of the associ- 
ate professor level, where necessary. Yet even this temporary 
action places the State University at a level attempting to recruit 
new Ph.JD.s in engineering at $700 to $9,582 a year below the begin- 
ning average industrial salary for Ph.D.s, assuming summer employ- 
ment, based on salary offers at the 50th and 90th percentile to 
Ph.D.s reported in Table 4 on page 19 above. In fact, this new 
salary range competes mainly with salaries offered to graduates 
with B.S. degrees and inexperienced M.S. -degree holders. 

In response to the Commission survey, deans and directors reported 
that program quality is being ^weakened because of the faculty 
shortage. When asked to identify the three most significant prob- 
lems of their programs in priority order, they listed: 

1. Lack of full-time faculty. 

2. Need for new equipment. 

3. Need for a reasonable long-range equipment replacement program. 

They indicate that while students are^ receiving good instruction in 
theory, their classes and laboratory groups are too large and ne^ 
state-of-the'-art techniques are not included in laboratories because 
of obsolete equipment. Students are taking longer to graduate 
because needed class sections are closed. One dean acknowledged 
that because of low salaries he was not always able to select the 
best qualified faculty and that the advising load of full-time 
faculty is too heavy -for adequate advxce because of the high number 
of part-time instructors. 

Most of the deans and directors suggested a differentiated salary 
scale in the neighborhood of $10,000 per year as a solution to the 
faculty shortage, and many proposed reduced teaching loads as an 
-alternative, with funds for 'faculty renewal mentioned in two in- 
stances. 
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The University currently has 529.33 full-time engineering and 
computer science faculty, ipcluding 83 assistant professors, 81 
associate professors, 356.33 professors, and 9 lecturers. One and 
one-half percent of these full-time faculty are yomen, while 20 
percent are non-U. S. citizens. In order to meet its instructional 
load, the University employs 306.66 part-time instructors represent- 
ing the equivalent of 99.06 full-time faculty. Four percent of 
these instructors are women and 14 percent are non-citizens .* 

The employment of some part-time faculty is of course desirable : 
it not only augments full-time faculty with persons having special 
expertise, but it also provides some flexibility for the peaks and 
valleys of cyclical enrollment patterns. Yet according to the 
respondents to the Commission' s survey of engineering deans , t/wo- 
thirds or 204 of the part-time positions would be filled with 
full-time faculty if qualified candidates could be hired. 7 

Resignations and Retirements 

< 

During the past three years, 46 faculty have resigned--23 with 
tenure and another 23 without tenure . Seventeen of them accepted 
positions at other universities while 24 accepted positions, in 
industry, and the remaining five went to government* or some other 
unspecified position. In total, the turnover rate is running about 
9 percent over three years (excluding retirement) , with industry 
being the major beneficiary of departing faculty and with adminis- 
trative officials concerned about increased turnover in the future. 

Twenty-two full-time faculty retired during the past three years, 
for an annual average rate of about 1.4 percent. Two percent of 
the current faculty are exacted to retire before 1986, ,and 7 
percent more between 1986 and 1990. * 

The retirement rates observed for the last three and projected for 
the next four years are about normal for university faculty nation- 
ally; beginning in 1986, however, the rate will be nearly double 
what has been considered normal in higher education. This rate 
change has been anticipated for some time, since many faculty who 
were hired during the growth period of the 1950s and f 60s will 
reach retirement age during the latter part of the '80s. This" will 

-One of the eight UC campuses surveyed did not report the number of 
positions occupied by non-citizens. 



intensify recruitment of new faculty, but, at the same timfe, it may 
allow for internal readjustments in faculty distribution among 
disciplines not otherwise easily achieved. 



Faculty Recruitment * n 

In spi£e of its prestige and other positive factors, the Univer- 
sity^ recruitment efforts have not beeOs fully successful: 

^ 

• For example,^ one campus has been able to fill only nine of its 
'SL2 vacant full-time' engineering positions over the past three „ 

years. The* number of applicants for each position has averaged 
around 50, with a low of 11 and a nigh of 70. One position that 
has been vacant for over three years, continues unfilled due to 
the lack of qualified candidates. 

V 

• A second campus reports receiving about 10Q applications for 
each of nine positions over the p£st three years . Of these 
applications, only about five pertent were qualified. Its 
acceptance rate for its offers is running about 50 percent. 

• A third reports filling only eight of 15 positions vacant dfiEping 
the past thTree years with full-time faculty because- of an insuf- 
ficient number of qualified applicants. It made 11 offgrs to 
fill the positions, but three of its offers were rejected^ 

» « ■ . 

• A fourth reports 'filling .eight positions but having 11 current 
openings. It suffered six rejections, but 'Without the new 
salary schedule adopted by the Regents for engineering and 
business administration, "this number most likely would have been 
larger. 

« A fifth summarized its recruitment situation as follows: In 
/searching for 12 positions over the last three years, found 95 
qualified candix3at;es out of 627 applicants; interviewed 74 at 
national meetings , during vacation or on campus ; and made 14 
offers, of which 10 were accepted and four we^e rejected, leaving 
the campus a net shortage of two faculty positions. 

• The sixth* campus in 1979-80 received 48 applications in computer 
sciences and made two "appointments . In 1980-81, it received 66 
applications for a junitfr^f acuity vacancy but made no offers 
because of the low- quality of applicants. That year, it made 
one offer for a 'senior-level facility vacancy, but it was de- 
clined. In 1981-82, 65 applicatio'ns^Vere received, one offer 
was declined, and one is still outstanding. , ^ 

i 

} 
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The revised salary schedule for prof essors ' in business/management 
and engineering adopted by the Regents for implementation in 1982-83 
represents new scales that increase .salaries for all^ professorial 
ranks, with the highest percentage increases, at amoupts from 24. 4\ 
to 33.8 percent, going to assistant and associate, professors. 
Nonetheless , even adding in summer employment, the schedule is 
still $5,000 to $9,000, below industrial competition at the first- 
step assistant professor level. And because the new schedule has 
only four steps in the assistant professot range, appointments at 
the top of the range will still be $1,000 to $2,000 below beginning 
industrial salaries at the 90th percentile of Ph.D. salaries in 
Table 4 on page 19. > 

» 

In response to Commission questions about the effects that faculty 
and equipment shortages are having on the quality of programs and 
on students, three deans indicated that program quality has* been 
affected, and all commented that students were being affected by 
oversubscribed classes, resulting in delays in obtaining degrees; 
large laboratory groups, which tend to make students spectators 
rather than active participants in experiments, f and decreased 
amounts of time for individual consultations with " students . One- 
dean commented that instruction by temporary faculty is inferior to 
that of regular faculty. Another felt that the most serious conse- 
quence is that many qualified students cannot gain admission because 
of the high GP'A scores used to limit enrollments-r3/9 ^for high 
school graduates, and 3.3 for community college transfers. & third 
hopes to initiate a computer literacy requirement but has been 
unable to implement it yet because only one-third of .the pre-enroll- 
ed students can thus far be accommodated. 



CONCLUSION 



Between 1976 -and 1981, engineering and computer science faculty 
increased nationally by 25.1 percent, while bachelor's degrees 
increased #8 percent. The resulting shortages in engineering and. 
computer science faculty in the public institutions ~in California" 
parallel those of major institutions nationally. 

Faculty salaries .remain non-competitive, and both the .University 
and State University are* losing tenured as welk as non-tenured 
faculty to industry. Faculty recruitment remains difficult, even 
though the Regents and the Trustees have adjusted their salary 
scales for new hires. Faculty ' salaries in high- technology fields 
are too low to compete in, the affirmative action market for the 
Kimited number of women or minorities availably to teach engi- 
neering or computer science *in the University or State University. 



Many new faculty have obtained their early training outside the 
United States. 

While all cairipuses 'have consistently *used part-time faculty to add 
special expertise to their teaching staff, this is no longer the 
main rationale for use pf part-time faculty. More and more part-* 
time faculty are being used because qualified full-time fatuity 
cannot be hired. On some campuses, 40 percent o£ engineering and 
computer science classes are -being taught by part-time faculty. 
Both the literature and opinions from the field agree that in many 
instances, the quality of instruction has declined. These part-time 
instructors throw a heavier load of counseling and individualized 
attention onto full-time faculty, which in turn* reduces morale. 

Recruiting more full-time faculty in the future will not be easy. 
At the same- time that larger numbers of older faculty will be 
retiring from universities during the 1980s, large numbers of older 
employees will be retiring from industry, thereby increasing the ' 
competition for ttfe limited number of Ph.D.s available. As will be 
noted in Chapter Seven, California. will need to take further steps 
than the recent salafy increases for technological faculty if it is 
to remain at the forefront of engineering and computer science 
education in the future. * 



CHAPTER FOUR 
EQUIPIvfeNT AND FACILITIES 



All recent reports on engineering education, regardless of which 
side they take on the issue of !supply« and demand^ comment on the 
problem of obsolete teaching and research equipment. For instance, 
Science and Engineering Education for the 1980s and Beyond , from 
the National Science Foundation and the Department- of Education, 
'states that besides the faculty shortage, 
> 

an important k additional problem in engineering education 
is a severe lack of the equipment required for instruc- 
tional purposes at th'e undergraduate level. Duriag the 
past decade, computer-aided design and computer-assisted 
. manufacturing methods have provided important gains in 
productivity for some large companies in this country- 
The -apparatus required to teach these methods to students, 
however, is generally unavailable in engineering schools. 
Consequently, a' good deal of the instruction being offered » 
may in fact be obsolete (1980, p, 9). 

And the Task Force on Engineering Education of the National Academy 
of Engineering observes (1980, p. 14): 

The problem has been exacerbated by the acceleration of 
technological progress during the last twenty years, 
increases in the sophistication of the laboratory equip- 
ment required, and increases in costs. By in large, 
colleges have been unable to cope with. ( spiralling costs. 
The' result, particularly with respect to teaching, has 
~been «a growing gap between the equipment that students 
use in their instructional laboratories and 'the kind of 
equipment that they encounter in industry. Such gaps 
have always exi^tetf,* but there is now strong evidence 
that the gap is becoming so large that the ability of 
engineering colleges to train students adequately for the 
future is seriously threatened. 

Unless the trends change, engineering colleges will not 
be aj>le to provide adequate training in many of tjie new, 
most important tec^nol9^|^ without substantial help. 

An editorial in Science states, "The increased complexity of modern 
instrumentation plus inflation in equipment costs has overextended 
college budgets available for equipment and facilities. Quality 
engineering education requires modern facilities^ (Willenbrock,- 
1981, ^p. 1319). 



A substantial portion of the physical facilities and equipment in 
engineering education as well /as other fields were acquired in the 
1950s and r 60s. California colleges and universities received more 
than $1 billion in ^facilities and equipment through the Coordi- 
nating Council for Higher Education Titles VI and VII of the federal 
Higher Education Facilities Act of 1965, but these programs were 
discontinued in the early 1970s. The states have done little to 
keep facilities and equipment up to date since then,,' an{l institu- 
tions have not provided for either amortization or adequate mainte- 
nance and repair ("Crisis in Engineering Education/ 1 1981, |>. 63). 
Donald Glower of Ohio State University estimates that the underin- 
vestment in engineering facilities, equipment, and instrumentation 
during the 1970s has now resulted in an accumulated shortfall of 
about $750 million in U.S. 4 engineering schools (p. 36). 

The lack of modern facilities and equipment has contributed to the 
shortage of engineering faculty. The National Science Foundation 
and Department of Education found that: ^ 

Lack of access to state-of-the-art research facilities 
for university faculty and graduate students decreases 
the attractiveness of academic careers and contributes to 
the engineering and copputer profession faculty shortage 
problem .... Th^ noncompetitiveness of academic 
salaries, while an ^obvious contributing facto ( r to v the 
engineering and computer professional - faculty problem, 
may not be of overriding importance., University faculty 
have traditionally been willing to forego higher salaries 
outside of academia in exchange for opportunities to. 
•conduct research and work with good ^graduate students in 
a university setting. However, many observers bejieve 
t;hat difficulties in obtaining research support , t lack of 
•stability ijx Federal research support and, .most impor- 
tantly, the existence Of greatly superior research facili- 
/ ties in industry have all contributed to the decreasing 
' attractiveness of academic careers (1980, p. 36). 

The American Electronics Association highlights several examples of 

outdated equipment (1981a, pp. 16-18): 
t 

• John Fluke, president of John Fluke Manufacturing and a member* 
of AEA's Blue Ribbon Committee on Engineering Educatipn found 
recently that his alma mater was still using some of the same 
equipment he haS trained on fifty years ago. 

• The American Society for Engineering Education (ASEE) has found 
that teaching equipment in most university engineering labora- 
tories is* 20 to 30 years old and equipment to peach new "growth 
technologies" such as computer-aided design (CAD) and computer^ 
assisted manufacturing (CAM) is almost non-existent. ' , 
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• Few colleges can afford CAD/ CAM and integrated circuit tech- 
nology, consequently their students have beett graduating without 
training in these areas. - 

• The Association of Independent Colleges has estimated that, on 
the basis of a 6.5-year average as the useful life of instruc- 
tional equipment, $1,500 per year will be needed for each engi- 
neering baccalaureate degree granted to keep equipment up to 
date. 

• ASE? estimates that it will take $40) million per year to update 
laboratory equipment and to modernize classrooms in the nation's 

-accredited engineering schools. j 

The Engineers' Council for Professional Development (predecessor to 
the Accreditation Board for Engineering and Technology) calculated 
several years ago that* the new equipment needed by an engineering 
college costs $100,000 per year per program plus $150 per student 
per year. Based on this estimate, the Task Force on Engineering 
Education of the National Academy of Engineering claims that a 
national program witlT50,000 degrees per year would cost at least 
$200 million per year. "Engineering colleges have nothing close to 
this amount of money at their disposal, 1 ' says the Task Force. "The 
integrated backlog of the shortage that is being produced is now 
enormous and growing" (1980, p. 15). 

Paul Gray, president of the Massachusetts Institute of Technology, 
puts the capital cost of remodeled facilities and new equipment at 
approximately' $300,000 to $400,000 per graduate and says, "If we 
are going to make any substantial increase in capacity and size (of 
programs), those costs are going to have to be met in some way" 
("Engineering Education: Coping with the Crisis," 1981', p. 65).- 
And Stephen Kahne of the National Science Foundation estimates that 
nationwide $1:5 billion is needed to upgrade undergraduate facili- 
ties and equipment alone. 



CALIFORNIA STATE /UNIVERSITY 

As noted in the previous chapter, the deans and directors the 
State University's engineering and computer science programs iden- 
tify inadequate equipment and facilities as second only to insuf- 
ficient faculty among the most serious problems of their^ programs. 
The State University has not published any recent reports of its 
instructional equipment including dates of acquisition, rate of 
obsolescence, and other pertinent data, but it is generally known 
that its 19 campuses face ^rucial ' equipment replacement problems. 



Like most colleges and universities, the State University acquired 
a major portion of its equipment in the 1950s and 1960s as part of 
an ambitious capital outlay program, and officials in the Chancel- 
lor's Office place the total replacement value of instructional 
equipment near $250 million. / 

r 

Annual allocations to the State University for replacement of 
instructional equipment since 1976 are presented in Table 7 . 
According to the Chancellor's Office, the highest of these figures 
— $4,159,750 in 1981-82— -provided funding at a level, that was 
approximately 1.7 percent of the total* replacement cost of the 
system's instructional equipment inventory at current dollar levels. 
This level of replacement requires an average 59-year life cycle 
for equipment— an unrealistic requirement , by any known method of 
determination. Yet even this small amount of funding for replace- 
ment has been available only since 1976. *\< V 

Of the $3 million proposed for the State University s^s£em under 
Governor Brown's "Investment in People" initiajt-ive , it. plans to use 
$1 million for replacement equipment. The equipment needs of the 
State University will remain high, nonetheless and a long-term 
solution is not yet-in sight. Technological progress, the escalat- 
ing cost of new equipment, "and outmoded equipment that is no longer 
relevant all limit its instructional programs. Courses designed 
around obsolete equipment are of less than antiquarian value to 
students arnd of even less value to their prospective employers. 



TABLE 7 

INSTRUCTIONAL EQUIPMENT REPLACEMENT BUDGET 
CALIFORNIA STATE UNIVERSITY, 1976-77 TO 1981-82 



Year 

1976- 77 

1977- 78 

1978- 79 
* 1979-80 

. 1980-81- 
1981-82 



Amount 

$3,198,031 
3,389,913 
3,389,927 
3,772,973 
3,961,622 
4,159,750 



Source: California P^ostsecondary Education Commission, i 



UNIVERSITY OF CALIFORNIA 



In 1975, the University of California undertook a thorough study of 
its equipment replacement problems. Howard Booth developed a 
computerized analysis of all its inventoried equipment 'classified 
as "General Equipment" — a category containing approximately two- 
thirds of all equipment on inventory--but excluding equipment of 
the University's medical and veterinary medical hospitals and 
clinics. His analysis demonstrated the serious equipment problem 
facing the University. It did not estimate the amount of money 
needed to purchase new state-of-the-art equipment, but it concluded 
that inadequate equipment was having a significant impact on the 
quality and integrity of academic programs. 

Booth 1 s study found nearly a fo,urth^of all equipment obsolete, 5 
p^ent of the remaining equipment becoming obsolete annually, and 
available funds inadequate for replacing obsolete equipment. It 
found that at the close of the 1973-74 fiscal year, the acquisition 
value of all General Equipment stood'at $274,454,781, When adjusted 
for inflation, its value was $329,709,612., Approximately 23 percent 
of all this equipment (or $76, 767 ,066 worth) was obsolete, according 
to government and industry standards for similar types of equipment. 
Of all remaining equipment, $14,467,682 worth, or approximately 5 
percent, became obsolete during the following fiscal year. The 
depreciation (straight-line depreciation to salvage value) that 
accrued to all functional equipment during the same period amounted 
to $17,341,734. 

Obsolescence of equipment does not occur at a uniform or fixed * 
annual rate because, of ^tb^e variations in time when equipment was 
purchased. ; For example", at the University about 10 percent of its 
general equipmentTwas acquired prior to 1958, 18 percent was added 
during the years 1959 to 1963, 32 percent was added from 1964 to 
1968 , and 40 percent was added during the years 1969 to 1973. 
Nevertheless, State General Fund appropriations since 1976 have ' 
been insufficient to replace obsolete equipment or to* purchase 
equipment for new technologies .~TTable 8 traces these appropriations 
over the past six years. These appropriations average approximately 
$6.9 million per year, or only about 40 percent of what has been 
needed to keep the University's equipment up to date. The question- 
naire used in this study indicates that about $7.5 million is 
needed annually in . engineering and computed sciences alone for 
replacing obsolete equipment.* Another $11.8 million is needed 
annually for modernization of engineering and computer science 
programs by incorporating state-of-the-art equipment in such new 
technologies as, robotics, computer-aided design, computer-assisted 
manufacturing, integrated circuit technology, and microcomputers. 



TABLE 8 



INSTRUCTIONAL EQUIPMENT REPLACEMENT BUDGET 
UNIVERSITY' OF CALIFORNIA, 1976-77 TO 1981-82 

Year Amount (actual ) 

1976- 77 ' >, 425, OOO 

1977- 78 6,904,300 

1978- 79 ' ' 3,168,300 

1979- 80 7,396,600 

1980- 81 9,240,000 

1981- 82 10,165,000 

(estimated) 

i 

/ 

Source: California Pos tsecondary Education Commission 

In order to satisfy some of ^Lts urgent equipment needs, the Univer- 
sity has proposed that $3.5 million of the proposed allocation of 
$4 million under Governor Brown 1 s "Investment in People" initiative 
be used to purchase technological state-of-the-art equipment for - 
its Berkeley, Davis, Irvine, San Diego, and Santa Barbara campuses 
where its equipment needs are most critical. The balance of the 
funds are proposed to be used to increase retention of women and 
ethnic minorities in engineering. 



CONCLUSION 

v • • . 

frodern instructional and research equipment is more essential today 
to engineering education than it has been at any time' in the past. " 
It has become the foundation for new technological skills and 
professional ^techniques. Yet, university equipment purchased « 
largely during the 1950s and 1960s* is increasingly obsolete, and 
universities are unable to deal with obsolescence in the conven- 
tional manner. Neither the University of California, the California 
State University, nor, for ttyat matter, the California Community 
Colleges are permitted to establish a depreciation reserve as would 
a business organization. They must annually request replacement 
funds from the State. They are not permitted to replace equipment 
through the capital budget but only new equipment for the % purppse 
of expansion. N^w equipment for the purpose of improvement or 
replacement may only be obtained through. the operating budget. At 
no time during the last decade have equipment funds in the Univer- 
sity's or State University's operating budget equaled or exceeded 
the rate at which equipment was becoming functionally obsolete, let 
alone technologically antiquated. 
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A greater quantity* of equipment will be necessary in the future to 
maintain present levels of program quality. Where equipment acqui- 
sition is deferred, quality of instruction will decline, since 
obsolete equipment results in courses being designed around outmoded 
techniques and reduces the amount of subject matter that can be 
covered. Limited equipment reduces the size of classes, wears out 
at a faster rate, and prevents full participation by all students. 
The problem is becoming* so serious that the integrity, of many 
current courses is questionable. 
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CHAPTER FIVE 



STUDENTS AND THEIR PREPARATION 



Most engineering and computer science students are of traditional 
college age rather than older students, and this fact has double 
implications for, program planners: (1) the numbers of traditional 
collegerage students will drbp considerably during the 1980s even 
if/^enj/llments of older students increase; and (2) younger student: 
haV^Jj&d less adequate high school preparation in mathematics and 
science than their predecessors . 



THE DECLINE IN STUDENT NUMBERS 

Figure 23 shows the average age of bachelor's degree recipients at 
both the University and State University. As can be seen, those 
programs that t require mathematics and science skills such as com- 
puter science, engineering, architecture, physical science, mathe- 
matics, and biological science are amon/g those pursued by tradi- 
tional college-age students: They are not appealing majors for 
reentry students. All of these programs graduate students below 
t;he median age of all University and State University bachelor's 
degree recipients. Clearly, the major pool'of undergraduate engi- 
neering and computer Science students thus comes 'from the under-24- 
year-old age group. 

Yet the U.S. Census Bureau calculates that enrollments of the 
under-24-year-.old age group will decline by 803,000 or 11.0 percent 
by 1990, even if colleges and universities increase their enrollment 
of students over 25 years old (Table 9). Thus engineering and 
computer science enrollments will be severely impacted by the 
projected decline of 803,000 in the under-24 age group. 

The absolute number of high school graduates in }L985--the low point 
in the population curve for this age group--will be 15 percent 
lower than in 1975. Thus, even if the supply ,of engineering and 
computer science graduates should catch up with demand by the 
mid-1980s, the surplus would probably be short lived because of the 
forthcoming * decline in the [lumbers of students thereafter. In 
order to keep pace with the demand for high technology manpower, 
the potential pool of applicants to engineering and computer science 
programs will have to extend beyond its traditional constituency of 
white males . ) 
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FIGURE 23 

AVERAGE A(3E OF BACCALAUREATE DEGREE RECIPIENTS r 
AT THE UNIVERSITY OF CALIFORNIA 
AND THE CALIFORNIA STATE UNIVERSITY,. 1976-77 TO 1979-80 
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1 TABLE 9 

PROJECTED CHANGES IN ENROLLMENT OF TRADITIONAL 
COLLEGE-AGE AND OLDER STUDENTS. , 1979-1990- 



14 Cftroogn 17 
id and 19 
20 and 21* 
22 througn 24 
Total, 14 rtvoogh 24 

25 ftrougn 29 

30 tnrougn 34 

35 tnrougfl 39 . . . 

40 through 44 

45 through 49 

50 through 54 

55 througn 54 

TO**. 23 mrough 64 

Totti, 14throogh 94 



to IfT* 

311.000 
2.844 OOO 
2.353.0O0 
1.Z94.0O0 
7^C2UX» 
1 579.000 
990.000 
568.000 
330.000 
223.000 
I 139.000 
• tll.OOO 
44)44.000 
11,344.000 



1.9% 
34.6% 
29. t% 
154% 
16.4% 
93% 
6.1% 
' 42% 
-;VA2.9% 

vUr^2.0% 

0 5% 
X2% 
7.7% 



12.770.000 
7. 195.000 , 
7.311.0OO 
1 0.641. OOO 
37.917.000 1 
20.169.000 
20.917.000 
11251,000 
17.331.000 
13.669.000 
11.422.000 
20.776.000 
123,744000 
141.412,000 



2*3.000 
2.449.0O0 
2.12I0O0 
1.639.000 
6.499.000 
'.876.000 
1.275.000 
309.000 
503 000 
278.000 
137000 
104.000 
4,543,000 
11,49X000 



- 59.000 
-355.000 
-225.000 
-155 000 
-903,000 

♦ 197 OOO 
* 250.000 
* 243,000 
♦173.000 

♦ 55.000 

- 2.000 

- 7 000 
♦939,000 

♦ 134.000 



Source: "Fact File: The Enrollment Boom Among Order Americans," 
The Chronicle of Higher Education , May 4, 1980, reproducing 
data from "School Enrollment — Social and Economic Charac- 
teristics of Student^," Current Population " Reports Series 
P-20, No. 360, October 1979, of the U.S. Bureau of the 
Census. * 



THE DECLINE OF STUDENT PREPARATION 



Since 18-to-24-year-old students by^and large comprise the potential 
student body for engineering and computer science programs in the 
University and State University, the characteristics of recent 
California high school graduates offer evidence abbut the prepara- 
tion of applicants to these programs. California .has received a 
generous amount of adverse publicity about its inability to enlist 
high school students in solid academic courses like mathematics , 
science, and English. For example, among California high school 
students taking the Scholastic Aptitude Tests, fewer have taken as 
many years pf study in key academic disciplines except in foreign 
languages than students elsewhere. Only 15 percent of these young 
men in California and 7 percent of these young women in California 
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have taken three or more years of science, compared to 30 percent 
of the young men and 16 percent of the young women nationally. 
Only 55 percent of California's male students ante 35 percent of 
women take four or more years of mathematics in high school, com- 
pared to 66 percent of males and 48 percent of females nationally. 
Michael Krisd, professor of education at Stanford University and 
former president of the State Board of Education, attributes these 
Conditions to three factors: (1) the State University counts 
subjects equally, making no distinction between a student who takes 
English and one who takes photography; (2) students avoid higher 
level courses for fear their GPA will fall; and (3) many students 
attend school for only half a day, working 20 or more hours a week. 
Mr. Krist said, "It's surprising and alarming to see students in 
the world's most advanced technological state taking courses more 
appropriate for a relatively backward region" {"Calif ornia Students 
Avoiding the Tough Subjects," 1980, p. 1). 

Initial drafts of the Curriculum Review Handbook (1981) prepared by 
the California State Department of Education i/ncluded the following 
observations about student preparation: / 

Decline in Achievement • / , - 

• California Assessment Program (CAP) reports that the 
0.1 percent/ loss in reading scores of twelfth grade 
students in 1980 continues an eight-year decline for 
the stated graduating seniors. / 

• College Entrance Examination Board reported that the 
1980, SAT scores in verbal and/math skills of Califor- 
nia's high school students continued the fourteen-year 
decline. Tfie 1981 scores sm>w a slight increase, but 
achievement levels remain j significantly below the 
levels achieved before the/ beginning of the declining 
period. / 

• California Assessment Program (CAP) also reports that 
1980 test results, wh^h compared to 1970 national 
norms, place California* s median twelfth grade students 
nine percentile points below the norm in reading , 
sixteen percentile polnts^below in written expressions 
and seven percentile /points below in mathematics v 

• National Institute/ of* Education reports a significant 

decline in science achievement scores from 1969-1977 
«■» 

for seventeen-year-old students. 




Academic Course Enrollments and Implications 

College Entrance Examination Board % (CEEB) reports that 
fewer California high school students enroll' in ad- 
vanced courses in English, Mathematics, Social Stupes, 
Biological Science, and Physical Science than do 
students nationally. 

• American Association for the Advancement of Science 
reports that students who take no, math or science 
after the tenth grade have f, ef fectively eliminated" 
science and engineering as careers. The^sp preparatory 
courses are simply not offered at the College and 

- ^university level, so Entire fields become closed to 
students .... - * 

Impact of Elemeatary School Experiences 



The. California Elementary School curriculum has empha- 
sized basic skill instruction durimg the. last* decade. 
Increased instructional time and other .resources have 
been devoted to this effort. 



• The American Association for the Advancement of Sciencfe 
•reports that less time is devoted to science instruc- 

t *tion in the elementary school than to any other sub- 
ject. * * 

• The National Council for the Social 'Studies reported^ 
that in California, 70 percent of K-4 teachers indi- 
cated they were teaching little or no social studies 
due to^ increased emphasis on basic skills. * 

Rigor of Curriculum Content 

> , 

• University of California reports that the'majority of 
entering students have taken four years of high -school 
math and their mean SAT scores and G.P.A^'s are well 
above the state and national averages oi? students 
entering college. Nonetheless, numbers of students 

♦ encounter difficulties with college math because the 
content of their 'high school classes was. not fully 
equivalent « to the college preparatory level., In many 
high schools a two-year algebra sequence starts with 
pre-algebra concepts and does not include advanced 
algebra concepts. 

• CEEB reports that smaller percentages of California 
students report their academic credits -were ,earned in 
!S£c.el$ra < te<^ or honors courses. The difference is most 
notable in the" Sciences. ^ _ ^ „ * * 
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# CEEB also reports that in all areas except mathematics, 
California students report having received higher 
grades than the average student nationally . Yet - on" 
measures of achievement, California students demon- 
strate less mastery of the content. 0 , 

Academic Standard^ 

• California State Department of Education reports that 
the "typical'' school district requires its graduates 
to have three years^ of English, one year ,of American 
history^.one semester of American government, one year, 
of math, and .one year of science. 

• In California, school districts establish their own 
graduation requirements and usually allow individual 
high schools or teachers to design their own curricu- 
la. Thus, the.re is often little comparability between • 
course content in the same subject among high schools 
within a district or among^class sections within a 
high school. ' 

* National Council for the Social Studies reported in 
The Status of Social Studies in the Public Schools of 
the United States that 80% of 'California high school 
social science teachers were free to teach whatever 
they^wanted. / X* 

In response to declining achievement, the rs*A^lty senates of the 
California Community Colleges, the California^tate University, and 
the University of California have released a joiift document for 
review and comment by interested persons on required competencies- 
in writing, reading,' and mathematics for students to perform suc- 
cessfully in college courses, and plan to is^ae a future statement 
on competence in science., The two senior segments have* tightened 
their admission standards regarding high school subjects for imple- 
mentation in 1984 by the State University and in 1986 by the* Univer- 
sity. In addition, a committee of University faculty has asked the 
State's 3,50Q schools with eighth grades to distribute a letter,' 
printed in both' English add Spanish/ to the parents of their 350,000 
eighth-grade students urging them to become actively involved in 
improving J^^academic preparation of their children. (The full 
text of &fte letter was prij&ed in the October 1981 issue or Califor - 
nia Notes , published by^the University of California.) 

While these actions, cannot be faulted, the- new University and State 
University requirements in English>and mathematics will pose prob- 
lems for secondary schools understaffed to meet these demands or to 
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teach science courses that have sufficient rigor to meet the ex- 
pected competency standards. 

Three critical issues are evident from conditions in elementary^ an8 
secondary school science and nfathematics programs: (1) a signifi- 
cant number of teaching positions dn mathematics and physical 
sciences are unfilled, (2) support systems for the needed teachers- 
have eroded, and (3) science facilities and equipment are becoming 
seriously inadequate. 



* WEAKNESSES OF SCIENCE AND MATHEMATICS TEACHING 
IN ELEMENTARY AND SECONDARY SCHOOLS 

■ - W ? * 

California's problems at the elementary and secondary school level 
are part of a national picture of inadequately prepared teachers, 
insufficient support, and outmoded resources. In recent testimony 
to the. Senate Labor and Human Resources Committee, Lewis M. Brans- 
comb,, chairman of the National Science Board, reported that only 
one-third of the nation's students take mathematics^ beyond the' 
tenth grade and that >j^e-third of the nation's high schools do not * 
offer enough mathematics courses to qualify their graduates to 1 
enter engineering colleges. As a result, one-third of the students 
entering engineering colleges have to take remedial math courses. 
He warned t'hat .the shortagp of qualiffed mathematics and science 
teaf hers 'p^high schools is jeopardizing the future availability of 
qualified) scientists , engineers, and technicians: "Over 90 percent 
of the states now report shortages of mathematics teachers' at the 
secondary level, and roughly a third of the secondary school science 
teachers did not themselves major in science." Although ^ail hi^h 
school students in Japan, the Soviet Union, and Germany take four 
years of mathematics, he reported wfyQe only*6 percent pf American 
students do so'. "Over a^ period of time'," he stated, "this differ- 
ence will surely tell in industrial production, perhaps even in our 
defense posture. It will surely tell in the quality of preparation 
givenNmr young people for living in a highly technological world." 
At ^ the same hearing, John B. Slaughter, director of the National) 
Science Foundation, said that the Foundation would shortly establish* 
an 18-member Commission on Pre-College Education in Mathematics, 
Science, and Technology; but F. James Rutherford, chief education 
officer for the American Association for the Advancement of Science, 
tQlcb the Committee that further study by that commission or any 
other was unnecessary: "the rapid decline of science and math 
education is undermining the nation 1 s "economic health, productivity 
and- national security. We have already identified the problems in 
science and engineering and -do not <need to spend another two or 
three years trying to figure <5*ut what is wrong. As a nation* we 




• need to get on with the job right now of strengthening our science 
education enterprise" ( The Sacramento Union , April 16, 1982). 

Testifying before the Subcommittee on Science, Research and Tech- 
nology of the House of Representatives, Sarah E. Klein, president* 
of the National Scienfce Teachers Association— the^ largest science * 
education organization in the world — noted that although science $ 
education accounted for approximately one-half of the National 
Science Foundation's budget in 1959, its share had been slashed to 
a low" of 7.5 percent by 1980 and would be eliminated entirely in 
1983-84 except for $700,000 to support the aforementioned Commis^i^n 
on Scjience and Engineering Education. She , poinj^d out that $3 
million had been spent on Upch studies over the past five years and 
that the crisis in secondary school. science and mathematics educa- 
tion resulting from the critical shortage of qualified science and 
m < mathematics teachers is already well demonstrated. She presented 
' data Tor 1980 and 1981 which indicated that the shortages are 

becoming* even more' severe (Table 10). Her data indicated that of 
' all newly employed science and mathematics teachers in 1981, 50.2 
percent were Unqualified to teach science or mathematics because of 
lack of specific training in these fields and "were employed on an 
"emergency" basis bec^usft no adequately prepared teachers were 
available. 



•TABLE 10 H 

SUPPLY OF HIGH SCHOOL TEACHERS IN SELECTED SUBJECTS 
BY NUMBER, OF STATES REPORTING SHORTAGES AND SURPLUSES 
' IN 1980 AND 1981 



Critical Adequate ^ 

' ' Shortage Shortage ' Supply Surplus 

Subject 1980 ' 1981 1980 T981 1980 1981 198Qn 1981 



P.hysics ^ 


21 27 


22 


15 ' 


3 


4 


- 2 


1 


Mathematics - 


16 • 18 


19 


25- ( 






4 


• 1 


Chemistry * 


10 9 


25 


• 29 
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6 ' 
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Separated into census regions , 
states, . including California, 
require » well-trained personnel 
the worst condition: 



her data show that the Pacific 
whose high- technology industries 
in s^ence and mathematics -are in 



Region 

Pacific States 
Mountain; States 
West, North Central States, 
West South Central States 
East North Central States 
East South Central States 
North East States 
Atlantic Stat^ 
South Atlantic .States 

Source: Klein, 1982, p. 4. 



Percentage of Newly Employed- Science 
and Mathematics Teachers Who Were 
Unqualified Because of Inadequate' 
Preparation ip These Disciplines 



s/ 



84% 
23 
43 
63 
46 
40 
9 
43 
50 



r 



Mrs. Klein also reported that five times more science and mathe- 
matics teachers left teaching last year for employment 4 in industry 
thaa *£tired, and that 51 percent of elementary school teachers* 
report that their undergraduate traiaing did riot give then) any 
preparation to teach science. Perhaps the most startling data of 
ker testimony conjwrned the declining numbers of students >v/ho are 
prepar^pg#to teach high school mathematics or science. Over the 
1970s, the number of students prepared to teach science^dropped 
from aa annual average of 18 to 7 per teacher-training institution, 
while those prepared as mathematics teachers plummeted from 22 to 5 
(Figure 245- Mrs. Klein contended that America is moving toward 
the point where refduced quality of science and mathematics education 
in elementary and secondary . schools dangerously threatens' "national 
security and the nation's efforts toward improved productivity 11 (p. 
3). 

Other data point to a similar conclusion.* A\ national survey re- 
ported that nearly 10 percent of the ' mathem^t/cs teaching positions 
v in the secondary schools in the U.S. were vacant as of 1977-78 
(National Council of Teachers of Mathematics t <1981) .^More recently, 
in 1980 the membership of the Association of High School Science 
/teachers suffered 'a loss of 10 percent and most of the .1,000 
teachers who left were hir^d 'by industry- (Bromley, 1981, p. 159). 
And Chapter Five of the report by the National Science Foundation 
and the Department, of Education on Science and Engineering Education 
for the 1980s and Beyond (1980) concludes that the public* schools 
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FIGURE 24 

I. AVE RAGE NUMBERS OF SECONDARY SCHOOL SCIENCE AND MATHEMATICS 
TEACHERS PRODUCED IN TEACHER TRAINING PROGRAMS 
AT U.S. COLLEGES AND UNIVERSITIES^-* 
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placement offices participating in National, Science Teach 
ers Association Surveys. 
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are noT adequately carrying out their science and mathematics 
education tasks. It notes that in comparison to other .industrial- 
ized oruntries, in the United States, science is not defined as a. 
"basic" skill or subject and mathematics is defined as mechanistic 
computational skill. When elementary school mathematics instruction 
began to concentrate on set theory during the late 1950s, children 
did not learri computation and problem solving. Since the late 
1970s, concern about declining achievement and minimal skills tes*- 
led to increased attention qn basic skills, but just as schools are 
using reading textbooks that employ simplified vocabulary and 1 
sentence structure, they are '"using mathematics textbooks that 
concentrate on drill and computation at the expense of common 
applications. Just as tests have shown that children have mastered 
the basic techniques of reading but have trouble with comprehension 
and interpretation, similarly, children can do simple whole number 
computations buUjlave trouble solving common problems (pp. 45-49). 
/ * * - 

A number of educational organizations, including the "National 
Congress of Parents and Teachers, see dangers in the emerging 
emphasis on basic skills/ The Congress has expressed its concern 
as follows: - 

Though emphasis on acquiring^ basic skills is at the heart 
of the educational process, there is a distinct possi- 
bility of basics becoming the curriculum rather than just 
1 part of the curriculum. Another problem, with *an overem- 
t phasis on basiQs, is a, tendency to teach child-ren only 
those things for whicE they will be tested, a tendency 
that leads to mediocrity ( What are ttte Needs In Precollege 

Science . . . 1980, pp. 252.-254). . 

• •* 

'Because science is not viewed as ."basic" by the general population * 

or educators, what little emphasis has been devoted to science is 
* diminishing. 

WEAKNESSES IN CALIFORNIA 



Whatever problems exist at the national level relative to science, 
and^mathematics in the public schools are compounded in California. 
California ranks well* below the "national average in the number of 
secondary school science ^nd- mathematics teachers produced by 
teacher training programs. 

Many California school officials say they do not have (and cannot 
obtain) enough qualified mathematics teachers to give every high 
school student the^ two jrears_o£ m^them^ttcs^s^t by.Xhe California . 



State University as its new minimum admissions requirement. Tom 
Shaw, a placement' officer at California State University, Long 
Beach, told David Savage, education writer for The Los Angeles 
Times : "In the last four years, we 1 ve* averaged less than seven 
candidates a year who are cre^ientialed to teach math. And we get _ 
about 400 requests a year for 'math teachers. We're also not produc- 
ing: any physics or chemistry teachers" t Savage , 1982). San Jose 
State .University has .graduated only nine students certified to 
.teach secondary school physical science in the past five years 
(Castillo; 1981). And in the Times ,. Savage reports that the five- 
year shortage of mathematics teachers in the Los Angeles school 
system is getting worse. Its Teacher Selection Office surveyed 10 
area colleges and universities who train prospective teachers and 
found only is possible candidates among all 10 for mathematics 

.positions. In 1981-82, as a result, the district had to issue 273 < 
"emergency contracts" for mathematics teachers who were less than 
fully qualified to avoid canceling mathematics classes, and it is 
launching a nationwide recruiting campaign, concentrating on New 
tfork City, Boston, Chicago, Detroit and a few other large snow-belt 

"cities, and offering *the Southern California climate and $13,000 to 
$15,000 a year in salary for teachers in shortage areas because so 
few are available in California. 

According to an informal poll at two meetings of the Mathematics • 
Liaison Committee of the Articulation Council, approximately 26 
percent of the junior high school mathematics teachers in one of 
the JJjt^e's largest school districts were not certified in mathe- 
matics ; representatives of seven colleges and universities indicated 
that the/total number of mathematics credentials they are issuing 
this year is 16 — averaging out to slightly over two per institution; 
and community college representatives reported experiencing in- 
creased" difficulties hiring qualified mathematics instructors and* 
consequently are using an increasing number of "limited service" * 
credentials,, raising the possibility that minimally qualified 
instructors will be unable to teach college-level mathematics 
adequately. College graduates can often earn twice as much in 
industry as they would in teaching, but Viggo Hansen, professor of y 
mathematics education at California State University, Northridge, 
believes that salaries are not the^ only attraction of industry: 
"The whole image of public education is so bad," he says, "that no 
one wants to go into the field." 

4' 

California's shortage of qualified teachers is not limited to 
mathematics or science, of course. Severe shortages exist in % 
vocational and technical education, bilingual education, and special ' 
education for the handicapped. And California's problems of student 
' achievement do not stem merely from teacher shortages. In some * 
- California school districts, students are spending the equivalent 1 
of only 10 1/2 years compared to 12 years elsewhere because their 
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school year^aad school day are, shorter than elsewhere ("Statewide 
High School Standards Urged," 1982). But adequately prepared high 
school mathematics and science teachers are imperative to upgrade 
the skills of potential engineering and computer science students 
as well as many others in other fields. /-({The Commission plans to 
discuss this issue at greater length in its forthcoming report on 
remediation in California public postsecondary education.) 

Cities in other states have confronted the problem of attracting 
and retaining mathematics and, science teachers in ways prohibited 
in California. For example, during each of the last two years, and 
despite initial opposition of teacher organizations , Houston has 
paid an $800 bonus to teachers in shortage areas — mathematics , 
'science, and .bilingual and special education. This year, it will 
increase "the bonus to $2,000. Leslie Miller, assistant to the 
Houston school superintendent, maintains, "this is just a matter of 
supply and demand. We increased the salaries in the areas* where 
there's a scarcity." Miller has found that . the" first two years of 
the bonus-pay^ experiment has resulted in a substantial decline in 
thfe turnover rate^ (Savage, 1982). In California, however, State 
law and court rulings forbid a "differentiated" salary structure, 
whereby some teachers would be paid more than oXhers with the same 
experience and education. , At least several superintendents of 
California school districts bjelieve that this law must be changed., 
Teaching salary levels have been and will continue to be stagnated, 
yet California's technplogical economy requires a work force partic- 
ularly well trained in mathematics and science. 



CONCLUSION 



Certainly no simple and" immediate^ solution is possible for the 
problems of student numbers "and preparation cited in this chapter. 
For ye^rs we have known that the 18-to-24-year-old age group would 
decline by about 15 percent during the 1980s. We have^ also known 
that the traditional engineer is f a white male. Thus although 
ethnic minorities iffke up over 22percent of the U.S. population, 
they. account for only 4 percent of all scientists and engineers ; , 
and although half of the nation's workers are female, only 9" percent 
of scientists and engineers are women. Boys and girls score equally 
well on standardized mathematics tests until* the sixth grade, but 
then the female' test scores begin to drop alid reach only 51 percent 
of the male test scores t>y the twelfth grade. In the absence of 
compelling evidence to .the • contrary , tj^is decline must be regarded - 
as environmental. Not only is *more emphasis needed on elementary 
and secbndary school .science and mathematics, but more realistic 
career inf orm&tion,aiid greater encouragement of women and minorities 
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to\iter technological and scientific careers are essential 11 the 
eligibility pool' of engineers and computer scientists is to be 
expanded, let alone maintained at its prfesent level. 

Women now-'constitute more th/n one-half of all. college students, 
but in '1981 women constituted only 10.0 percent of all bachelor's 
degree recipients in engineering nationally and only 9.4 percent of 
'* those in California. Presently, Blacks receive approximately 2 
. .'"percent of the nation's bachelor's degrees in engineering, as do. 
Hispaaics, and their percentage in California is not greatly dif- 
ferent. If California and other sunbelt states with large minority 
populations cannot bring their minority populations and women into, 
the mainstream of technological careers, they.. will not be able to 
sustain their high- technology economies. 

Nancy Kreinberg, director of Mathematics and Science Education for * 
* Women at the Lawrence Hjall of Science, believes that the greatest 
need for mathematics literacy exists among today's girls arid young 
women; yet her findings and recommendations apply as well to minori- 
ties. She comments that "women st,ill v comprise th<± largest pool of 
underutilized workers that can supply scientific and technical 
personnel to meet present and future demands," and she recommends 
that California should take the lead in requiring all students to 
take more mathematics, in interesting more girls and young women in 
mathematics-, in establishing new teacher education programs in 
mathematics, and in offering continuing education classes in mathe- 
matics for adults" (1981) » 

Many colleges and universities have developed "math anxiety' 1 courses 
. for women and minorities that tend to improve their Graduate Record 
Examination scores, hut such remedial ^action at the college level 
is too late to encourage students to embark on'the calculus, sequence 
that is part of an engineering, science s or mathematics curriculum.* 
To expand the pool of women and minority students in the future 
wi^l require an overhaul pf teacher education and elementary and 
secondary school mathematics and science programs. While it may 
x take at least z decade to accomplish the necessary changes, it is 
imperative that California quickly increase its efforts in this 

direction. * 

< - * t ' 

Colleges and universities need to encourage more students to prepare 
for careers >as mathematics and science teachers, and they should 
examine closely whether present certification requirements for 
teachers are adequate to overcome the issue of , mathematics and 
science illiteracy among students in the elementary and secondary 
schools. High school* counselors should become more aware of the 
opportunities for employment in education as science and mathematics 
teachers * Of course, none of these actions will be of social 
benefit if salaries for teachers in these disciplines are not 
increased substantially. ♦ f 
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* . CHAPTER SIX 



INDUSTRY AND GOVERNMENT INCENTIVES 
FOR TECHNOLOGICAL EDUCATION 




Part, of America's technological problems stem from it$ flagging 
cominitinent to basic research and to the research-and-development 
process. Between 1964 and 1980, .as a proportion of the Gross 
National Product, federal expenditures for research and development 
fell by 43 percent; and between 1965 and 1977, total national R&D 
expenditures propped by 24 percent, rising by only 1 percent between 
1978 and 1980. In 1978, American business and industry spent 
nearly $33.6 billion on research and development — but gave only an 
estimated $85 million to universities for research. This corporate 
support represented only 3 percent of higher education 1 s total 
research expenditures that year, and a decrease from its 5.5 percent 
level in 1960 (Boyer and Hechinger , 1981, pp. 36-37). Declines in - 
federal support for research have led universities to turn increas- 
ingly to the private sector and to state government for research 
support. At a time when universities -lack adequate numbers of 
faculty to meet the increase in engineering and computer science 
students, they have lacked^ research support to encourage bright 
Ph.D.s to join the faculty. ° * 



NEW INDUSTRIAL INCENTIVES 

Recently, industry' and industry-related foundations have launched a 
variety of efforts to aid universities in meeting their teaching 
and research goals in high-technology areas- that deserve citation 
.here as actions illustrating the benefits of industry-university 
ties: 

• In September 1981, the Exxon Education Foundation announced a 
$15 million grant program to 66 engineering schools which will 
award 100 $50,000 three-year- Exxon Teaching Fellowships in 
graduate engineering programs leading to the Ph.D. and teaching 
careers. Each Fellow will receive a stipend of $12,000 for the 
1982-83 academic year, $13,500 for the second year, and $15,000 
for the third year, plus tuition and fees. The program will 
also include 100 faculty assistance grants of $20,000 each year 
for five years to selected engineering departments to be used as 
supplements for junior non-tenured faculty. The California 
institutions sharing in the program are: California* s Institute 
of Technology, Stanford, the. University of California at Berkeley 
and at Los Angeles, and the University of Southern California. 

1 • 
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*' In November,' th£ same foundation announced a 'total of $1.8 ' 
million in faculty development grants to six engineering schools 
at traditionally Black institutions, each of which will receive 
$100,000 per year for .three years. Robert Payton, president of 

J\he Foundation said, "We 1 re giving this type of support because 
ifyt believe faculty development is the most important element in 
these colleges at this time. 11 The Foundation has left it up to 
each of the six schools to determine how to use the grant funds, 
with the deans of engineering considering several options includ- 
ing salary supplements, increasing the number of teaching assis- 
tants, faculty travel, "added research support, and forgivable 
loans to , students who decide to enter engineering education. 
( Engineering Education News , 1982a, p. 4). 

The Atlantic Richfield Foundation has announced a $5 million 
^four-year program of support for doctoral students and junior 
, faculty in selected science and engineering departments at 30 
universities. Its purpose is to "alleviate a serious national 
problem by making academic careers r in science and engineering 
more attractive" ( Engineering Education News , 1982b, p. 1). The 
Foundation is in the process of selecting the institutions and 
departments* that' will receive these grant funds. ^ * 

The Board of Directors of the American Electronics Association 
has approved the establishment o£ an industry-wide standard of 2 
percent of a company's R&D expenditures for support o-f education, 
either directly by the company or though an AEA-created founda- 
tion. This action is expected to produce between $30 million to 

• $50 million per year for engineering schools. 

The Semiconductor Industry Association is designing a program* 
whereby semiconductor companies will join together to strengthen 
engineering education and^ faculty research* expertise. It* aims 
at large umbrella grants rather than funding of small projects. 

• The program will begin with $4 to $5 million, increasing to $10 
to $20 million in a few years* * mm 

American Telephone and Telegraph has loaned John W. Geils to the 
American Association of Engineering Societies and the American 
Society for Engineefing Education to head up a ^two-year project 
to counter increasing engineering faculty shortages and disincen- 
tive's. His study is supported by DuPont, Exxon, General Elec-* 

• trie, General Motors, General Telephone and Electric, IBM, and 
Union Carbide, as well as AT&T. , 

Dow Chemical has more than doubled it^s aid-to-education funding 
in 1982 because of engineering education's problems, increasing 
its contribution to $4 .U million this year. - 
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San Francisco ' s Bechtel Group is now financing scholarships 
totaling nearly $300,000 annually. ^ 

Eastman Kodak has launched a $200,000-a-year program of "Teaching 
Incentive Grants'^ to supplement faculty salaries mainly in 
chemical engineering.. 

Du £ont, which last year made £2 "Young Faculty Grant" awards at 
$22,000 each in engineering and chemistry, this year is making 
27 grants at $27,000 each. 

Sun Company is donating nearly $300 ,000 i over a five-year period 
to three engineering departments at theV University of Texas at 
Austin and several other universities for salary supplements or 
awards to professors and as assistance to students who are 
seeking advanced 'degrees for teaching careers. 

General Electric, General Motors, and Boeing have joined together 
to* launch a new productivity center at Rensselaer Polytechnic 
Institute in Troy, New York, with financial commitments of $1 
million. 

Control Data Corporation is developing at Purdue University irf 
Indiana a center for research in computer-aided design and 
manufacturing and has made a multi-year commitment to permit 
its systematic development. 

Digital Equipment Company has developed a Close working relation 
with Carnegie-Mellon University in Ohio directed,, toward the use 
of small computers, which employs the Company's facilities and 
the University's faculty and graduate student capabilities. 

Six companies, are each providing annual grants of $100,000 to 
the Silicon Structures Project of ^the California Institute of 
Technology, which is directed toward the development of design 
software for very large-scale integrated circuits. In addition, 
an, engineer from each company is assigned to Caltach for a year. 

MIT's Center for Polymer Process Research, initiated partially 
through support from the National Science Foundation, has proven 
so valuable that industrial sponsors now completely support its 
work. 

Hewlett-Packard, which gave $7 m^Uion* in education grants last 
year and % which largely paid for Stanford University's School of 
Engineering building, recently joined with 16 otbfer electronic 
firms to establish a Center for Integrated Systems at Stanford 
University/ Each company has committed to pay $750,000 each 
toward the center. 
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Applied Teciinology and other companies are working with Mission 
College in Santa Clara to train and upgrade their assembly line 
workers. 

And Intel Corporation is working with faculty members of the 
University of California, at Berkeley who had developed a proto- 
type of a new electronic technique involving switched capacitors, 
in order to further the technique and bring the idea to success- 
ful commercial realization. 



FEDERAL INCENTIVES 



^At this time, no federal prograiA of incentives can be clearly 
identified. 9 

According to George Millburn, Deputy Under Secretary of Defense for 
Research and Advanced Technology, the Department of Defense is 
considering the establishment of a program whereby each of the , 
armed services would provide 100 $25^000 three-year awards to 
students in the form of loans, with the loans forgiven* if the 
students work for the government for a given number of years,' but 
the program has not been presented to Congress. Meanwhile, offi- 
cials at-the National Science Foundation are meeting with represen- 
tatives of other federal agencies to develop -a Federal Agency 
Fellowship program^whfich could conceivably be a part of their 
agency budgets in 1983-84. But according to Harry S. Havens,' 
Assistant Control*!^ General of the General Accounting Office, 
federal support for Engineering education will decrease during the 
present year by 33 percent from^fiscal 1980 levels, since 14 of the 
39 programs that have supported engineering students are being 
dropped in order to reduce federal spending. 



STATE INCENTIVES 



Many states are taking the initiative to enhance the climate for 
high technology within their borders and' to alleviate the shortage 
of engineers and engineering faculty and instructional equipment at 
their universities. 

♦In California, Governor Brown last year proposed a Microelectronics 
Innovation and Computer Research Operations (MICRO) program to be 
established at the University of , California. As proposed the * 
program would have included $2.6 million for capital, outlay and 
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equipment for Cory Hall on the Berkeley campus, plus $5 million for — 1 
a matching grant program with business for basic research. The 
budget that passed the Legislature included the $2.6 million for 
Cory Hall but only $1 million for matching grants. In early 1982, 
work on Cory Hall was stopped when the Governor was forced to 
freeze all capital outlay projects because of a looming budget 
deficit; but subsequently the freeze was lifted and construction 
contracts were^et. For 1982-&3, the .Governor has announced his 
"Investment in People" program which is designed to (1) provide 
additional and improved mathematics and science instruction in the 
high schools, (2) encourage employment-based training in the Commu- 
nity Colleges, (3) expand pilot employment preparation projects » 
among Aid to Families with Dependent Children applicants, (4) 
increase research and education, in the areas of engineering, compu- 
ter sciences, and related basic sciences in the University, and (5) 
promote education in engineering, computer sciences, and" related 
fields through faculty d evelopment and instructional equipment 
grants in the Sta^e University. The last two items would be aln 
lotted $4 million and $3 million, respectively. : Although the 
amounts proposed are small, the program represents an important 
initiative to improve high-technology education in California. 

Elsewhere in the West, the Western Interstate Commission for Highe^ 
Education (WICHE) reports (1981, p. 12): ^ ^ 

• The University of Wyoming is undertaking an $18 million expansion 
of its' engineering facilities and is increasing faculty salaries 

to make them relatively competitive with other states. 

j 

• The New Mexico legislature has funded a new engineering building 
at New^ Mexico State University and authorized a five-year $5 
million-per^yeax science and -eirginee ring -equipment improvement 
program for all the^state's universities, on recommendation of 
the Governor's Committee on Technical Excellence, chaired by the 
president of the Sandia Corporation. 

• Arizona State University has embarked on a five-year $32 million 
program to create a "center of excellence" in electronic and 
computer fields by expanding facilities, adding equipment, and 
increasing faculty by 63 percent. Local industry has been the 
prime mover in developing the plan and committing substantial 
private financial support, thereby securing the - endorsement of 
the governor, the legislature, and university administration. 

• In Colorado, Governor Lamm is urging legislators to increase 
state support for research at state universities, saying Colorado 

* has the opportunity "to become a technological cousin of Califor- * 
nia's Silicon Valle^r, and it is an opportunity' we would be 
foolish to pass up." He has stated, "Tc^ insure our positive 




competitive position, we are going to have to place new reliabce 
and responsibility oh higher education/ 1 

' • WICHE* itself has launched an 18-month study of "State, Higher 
Education, and Industrial Cooperation to Expand High Technology 
Human Resources in the West" with three primary objectives: 



To develop sound data ... on the supply of and demand for 
high technology and energy-related manpower in the West; 

• With such data a55 background, to identify a range of solutions 
to the problems and 

• To contribute to regional and state initiatives to address 
them (Sirotkin, 1982, p. 1). 

' \ 
The first six months of the study are being funded out of $64,000 
of WICHE resources while the remaining 12 months will require an 
additional $185,000. 

Elsewhere in the nation, other governors are also talking action 
("Falling State Revenues . : 1982, p. 15): 

• In Illinois, Governor Thompson's higH-technology t^sk force has 
recommended locating and 'funding high-tech research centers in 
Illinois. "It is time we moyed ahead at full thrpttle to compete 
-with the strength of Silicon Valley in California and microchip 

corridors in Massachusetts, North Carolina, and Texas," he has 
said, "and we'te doing just that." Last August ,* the state 
launched a million-dollar advertising campaign* to sell itself as 
„ a location for industry , tourism, and high-technology investment. 

• In Kansas, Governor Carlin has proposed a severance tax on oil, 
gas, and coal produced in the state to raise an estimated $124 
million a year and thereby increase faculty salaries by 8.75 
percent in order *to meet competition from other -states* and 
private industry for faculty members in certain professional and 
technical fields. 

• In Mississippi, Governor Winter has told state legislators, "If 
you are disgusted with seeing us continue to lose blue-chip 
industries to Georgia anb^South Carolina and other states because 
those states are perceived to have betCer technical training - 
program*, I urge yoi^ to do something about it." He has proposed 
the creation of a permanent endowment for specific educational 
and economic-development needs supported by increasing the* 6 
percent oil and gas severance tax to 9 percent, which would 
produce about $68 million a year. 
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• In Missouri, Governor '(Bond has proposed that public funds be 
provided for "challenge grants, which state colleges and univer- 
sities 'can use to match private-sector funds to pursue* research 
and applied projects leading to the creation of high-technology 
jobs for decades to come." 

• In New York, Governor Carey has told the legislature that New 
York should use its higher education system to full advantage:' 
"We must involve these institutions in implementing our strategy 
for economic/development, forming a partnership with the business 
community- to provide the research, instructional, and techno- 
logical-development capacity that* industry iacreasingly needs," 
he said. f 

N > 

• In South Carolina, Governori, Riley has proposed a "South Carolina 
Research Institute 11 to tink higher education to industrial 
development. 

These examples of state initiatives aimed at shifting their economy 
toward high technology seek to emulate the success of existing 
university contributions* to community and regional economic develop- 
ment, including Stanford* s cooperation with industry in the "Silicon 
Valley" of San Miteo and Santa Clara Counties, the ties of Eastern 
Michigan University and the University of Michigan to industry 
along the "Plymouth Road , Corridor" 1 between Ann Arbor and Detroit, 
and the participation of Duke * University , North Carolina State 
University, and the University of North Caroliaa-Chapel Hill in the 
Research Triangle Development of North Carolina. The Research 
Triangle enterprise represents the clearest success of a state- 
induced vehicle for coordination, stemming fxjom a $24.4 million 
allocation from the North Carolina General Assembly for the con- 
struction of a micro-electronics center in the Research Triangle 
Park. Early observers of the effort thought the combination of * 
government, business, and academia might fail, but employment 
directly related to the Research Triangle now exceeds .10 ,000 with 
an annual payroll of $200 million^ New industrial investment in 
North Carolina "'has averaged $Z million per year for the past five 
years; North Carolina's unemployment ra^e is about 2 percent below 
the national level; and the state has gained a reputation for 
industrial leadership and innovation throughout the nation. 



CONCLUSION 



These examples demonstrate that industry and state governments are 
providing important incentives to engineering education, while the 
federal government is rapidly reducing its participation. Competi- 
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tion among states to attract and maintain high technology industries 
within their border is becoming intense, and Governor Brown 1 s 
"Investment in People" initiative represents one effort to meet . 
California's needs through improved education and training. 

Industry is making major efforts to support engineering education, 
but a major part of their support remains concentrated in only a 
few "pacesetting" research universities — about one-fourth of the 
engineering schools accredited by the Accreditation Board for 

'Engineering and Technology. This has led T. A. Murphy, Vice Presi- 
dent of Engineering at Fluor Engineers and Constructors, Inc., and 
chairman of the Engineering Advisory Council at California State 
University,- Long Beafch, to note that such grants as those from the 
Exxon Education and Atlantic Richfield Foundations to supplement 
faculty salaries in selected institutions result in making faculty 
recruitment more difficult for other good institutions, such as 
Long Beach. In a letter to the Engineering Advisory Council at 
Long Beach, he called attention to the fact that CSU Long Beach ia 
a key surlier of technical talent to industry' in the Los Angeles 
and Orange County areas and urged that funds be provided to it for 
salary supplements in order that it can continue to provide the 
engineering talent necessary to tie area. Yet unless the Legisla- 
ture appropriates special funds, on a permanent basis for such 

, salary supplements, it is doubtful > if a workable solution can be 
found. 



V 



The California State University 'is more restricted than most insti- 
tutions of higher education • in administering faculty salaries 
flexibly to accommodate, fluctuations in the marketplace and special 
problems of particular departments and campuses; and i£s requires 
salary schedule flexibility by the Legislature and the Governor if 
its needs for faculty are to be met. State funds will be necessary 
to continue its salary differential' experiment beyond the L982-83 
year. £n addition, the University of California cannot be expected 
to use its own funds continuously for these salary supplements. 
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CHAPTER SEVEN 
IMPLICATIONS FOR STATE AND INJS^TUT IONAL POLICY MAKERS 

This past April, [some "50 government officials, uniVejrsity presi- • 
dents, .and corporate executives held a- National Engineering Actioa 
Conference conceived "by PaulMjray, president of MIT , and cihaired by 
E. E. David/ Jr., president of Exxon Research and ' Engineering . 
Wi-th the theme,' "tke 'time for action to deal with the precarious 
state of engineering education has t come," the Conference partici- 
pants concluded that if present trends continue, with more than 
1,600 engineerings faculty positions already vacant and outmoded 
campus engineering laboratories deteriorating, young men and women 
will not receive the engineering education they deserve and that- 
America's economy and 'society urgently require. They issued a 
"call to action 11 including this agenda: 

For higher education: * 

• Set engineering faculty compensation at a level com- 
petitive with the market; 
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• Increase graduate student stipends to encourage a 
larger number of U.S. residents to become doctoral 
stiidents; 

• Gi^e highest priority to modernizing instructional and 
research equipment; 

• Reconsider the Ph.D. requirement and place greater 
reliance on practical skillj and knowledge in filling 
faculty positions; ' 

• Consider establishing serai -autonomous colleges of 
engineering, such as exist in other professional 
disciplines; and 

• Improve research and instructional productivity by 
providing optimum technical assistance. 

For academic and professional societies: 



# 



Expand scholarship and fellowship aid to engineering 
doctoral students using related educational founda- 
tions*, and inake direct grants to the schools; 




• Establish programs to aid the exchange of engineers 
between industry and academe; and 

\ < 

• Monitor the manpower supply and demand model in order 
to help identify actions that will maintain an ade-, 
quately prepared supply of graduates and faculty. 



For industry: 

• Provide direct financial support to U.S. resiaent ,\ 
master's and doctoral candidates in the form of train- 
eeships, scholarships, and awards; 

• Assist engineering departments in modernizing their 
equipment and instrumentation, through financial 
grants, donation of new surplus equipment, and innova- 
tive debt financing; 

• 'Create opportunities for junior faculty to increase 
their income through 1 consulting, summer employment, 
tutorials and grants; _^ 

• Encourage and provide incentives for qualified employ- 
ees to teach in engineering as part-time, loaned or 
full-time faculty members; and 

• Actively pursue opportunities for purchasing research 
from universities instead of conducting it in-house. 

\ l ' < 

For government: ' 1 * 

• Support programs for providing fellowships, summe'r 
internships, traineeships , and other aid to doctoral 
tffwdidates through NSF and other mission agencies ;~ 

• Placa high priority on helping educational institu- 
tions modernize equipment and facilities in^engineer- 
ing laboratories; 

i i , 

• Enlarge support for university government cooperative 
research; and 

' j m 

• Support studies and hearings to determine the native 
and national jscope of the engiaeering faculty shortage. 
^'National Engineering Action Conference/' 1982; see 
also David, 1982.) 1 ■ 



Each of the previous six chapters have highlighted* several of -these 
concerns about engineering and computer science education. This 




concluding chapter develops the implications of th^se .issues for 
legislative and university policy making in California. 



PROGRAMS AND ENROLLMENTS 



California faces a 'continuing high demand for engineers and computer 
scientists into the late l§8Gs and a particularly high demand *iq 
the immediate future for Ph.D< graduates in ttiese fields. Under- 
graduate enrollments 4n these programs in California's universities 
have increased to help meet this demand, but cannot be further ' 
expanded without sacrificing quality. Graduate enrollments have 
changed little over tfie past five years. Support for these prograitfs 1 
should be increased to assure" continued excellence and to permit 
cgfutious expansion in the futurev to meet *the State's technological 
needs. Unlike many other states, California reaps *dir$'ct rewards 
from its investment in these programs: up 'to 90 percent of their 
graduates find enmoyment or jreturn to jobs in California rather 
than move out, of state. 

Enrollments in these -programs yill continue to fluctuate periodical- 
ly, as they have in the 'past, with little. 'relation to the j,ob 
market except as prospective students hesitate to 'enroll* because of 
reports ia the mass media about the. lack. of jobs, leading four or 
five years later to an- undersupply ' of graduates. But state and 
institutional policy makers should 'not " be disuaded by* periodic 
reports of an oversupply of engineers* or computer scientists from 
maintaining continued long-term support for these programs. 



.PLACEMENT OF NEPHROGRAMS , 

The major task for program planners at the University .of California, 
and the California .State University is^to agree on the placement 
and distribution of centers for research -and instruction in 'Special- 
ized technologies such as robotics, pomputer-aided 'desigp and com- 
puter-assisted manufacturing (CAD/ CAM), microelectronics, and very 
large scale integration (VLSI),. These programs should not be ' 
offered on every* campus, even though most, campuses will need' to y 
offer at least introductory courses^ in them, and the^ State should 
not support large-scale programs on all campuses. The segments 
themselves in v cooperation with the Commission should determine 
where the/e specialized centers of excellence should be located ^ 
taking into account faculty expertise,,* campus location, joint 
segmental use, And space availability as factQrs in thes£'determina- 
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tions. For example, only three or four robotics centers currently 
exist on university campuses in the United States. One or two 
should be established on California campuses. 

At the same time, academic planners in each segment t and* the Commis- 
sion nfefed to- clarify the engineering'specialties or majors offered 
by the California State University, Northridge, and the University 
6f California at Los Angeles, and the- engineering technology spe- 
cialties offered at California State Polytechnic University, Pomona. 
Northridge was initially authorized to offer onl^y four majors, but 
it now has four departmental combinations and its catalog |ists 15 
.different majors. UCLA claims that it cannot separate its under- 
graduate enrollment into majors. " Ye£ T students at UCLA, as at 
Northridge, are advised that all sequences of advanced level courses* 
must be approved by a6 advisor befqr'e enrolling in the courses, 
thereby -essentially separating students by majors/ Both systerawide 
offices and 'the Commission need clarification of the offerings on 
these campuses and at Pomona. 



ENCOURAGING GRADUATE ENROLLMENT 



As ffoted on pp. 87.-88 above, the participants in the National 
Engineering Action Conference agreed that the urgent task of at- 
tracting the best domestic students into graduate programs in 
engineering deserves t the attention of higher education, academic 
and professional societies, industry, and v government . 

To attract sufficient numbers of such students, more fellowships 
and as5istantsl}ips with substantial stipends are needed. Albert 
Bowker, while serving as Assistant Secretary for Postsecondary 
Education in the Department of Education, sought more reasonable 
funding for graduate assistants. Although a fellowship program J 
would not guarantee that doctoral students would go into teaching, 
he proposed a\loan program like that used by the 'Public Health 
Service to recruit medic&l doctors, whereby annual loans would be 
forgivable for each year that a recipient latefc spent teaching in 
an engineering school or in another particular shortage area. M A 
lot of people would stay in graduate school if they could move up 
from real poverty to genteel poverty," he stated (National Academy 
of Engineering, -I98i, p. 52). Many other educators as well as 
industrial and governmental leaders hold to this view. 
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Some states haVe taken action increase annual stipends available 
to "graduate students, but in California they continue to be funded 
in the radge from $3,400 to $8,000. The Board of 'Directors of the 
Institute of Electrical and Electronic Engineers has recommended 
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that graduate stipends be increased to 50 percent of the starting 
salaries of baccalaureate engineering graduates- ("Quality is Main 
Problem, in Engineering Crisis," 1982, p. -32), and both institutional 
and* State policy makers should*consider its recommendation. 

REVIEW^ THE COSTS AND BENEFITS 
6F INTERNATIONAL ENROLLMENTS 



The presence of foreign students in 'American colleges and univer- 
sities contributes to the general welfare of the entire student 
population, the faculty, the institution, and the nation as a 
whoie. The United States ' commitment to providing educational 
opportunities to foreign students is virtually unequalled among the 
nations ^of the world and has become an accepted part of. its ex- 
tended-term foreign policy * This policy, coupled with the histor- 
ical excellence of American postsecondary educational institutions, 
has led to high enrollments of foreign students itx 'American colleges, 
and universities,! particularly in high technology programs sudh as 
engineering and computer science. 

Currently, the greatest nuiffber of foreign students in the United 
States come in descending order from Iran, Taiwan, Nigeria, Canada, 
Japan, Venezuela, Saudi Arabia, Hong Kong, India, and Lebanon. In 
1980-81, 311,822 non-resident aliens were enrolled in American 
colleges and universities--25 percent of them in engineering pro- 
grams and another 17 percent in business administration . Their ^ 
numbers increased by 9 percent last year; by the mid-1980s, some" 
500,000 are expected to be enrolled; and by 1990 one million may be 
enrolled (American Council on Education, 1982, p. 8). 

The number * of graduate degrees awarded to foreign nationals / in » 
engineering nearly doubled over the past decade. According to the 
Engineering Manpower Commission, in 1981 foreign students received 
8.9 percent of the nation's engineering bachelor's degrees, 26.1 
percent of'its master's degrees in engineering, and 37.1 percent of 
its engineering doctorates (Doigan, 1982, p. 709). That same year 
at the California State University, non-resident aliens earned 20.1 
percent of the engineering baccalaureates and 44.2 percent of the 
engineering master's degrees. At the University' of California^ 
they earned' 8.9 percent o£ the engineering baccalaureates, 32.1 
percent of the engineering master's degrees, and 32.6 percent of 
the engineering doctorates. At California's independent institu- 
tions, they earned 25.1, 34.0, add. 37.9 percent of these degrees, 
respectively. # ' 
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Ia computer science^, non-resident aliens received 10.1 percent of 
the 1981 bachelor's degrees and 31.3 percent of the master's degrees 
in the State University, while at the University tile figures were 
4.3. percent of the baccalaureates, 24.8 percent of the master's 
degrees, and 35. (/percent of the computer science doctorates. 

While foreign students provide substantial benefits to the American 
educational enterprise, their presence is not without its expenses: 

♦ tirst, the high demand- for technical education on the part of 
foreign students serves^to impede, delay, or, in some cases, 
deny .access to these programs to American students. While this 
competition presents a vexing problem for the nation as a whole, 
it is particularly acute in California. As indicated on pp. 
40-41/ six of the thirteen engineering programs in the State 
University, and all eight of those in the University of Califor- 
nia, have been officially declared "impacted" at the undergradu- 
ate level, as have several engineering specialties at the master's 
and doctoral levels on some University campuses. As .such, 
access to them is restricted and, as noted on page 42, higher 
admission standards are generally used as the final discriminant 
among applicants. * Some Campuses with impacted programs have 
designed their admission eligibility standards to give preference 
to American students (and, usually, to, resident aliens), but 
opinions differ about the def ensibility of such actions, and, as 
a result, most of the programs do not differentiate between 
foreign and American applicants. 

The joint effect of program impactiqn and the hesitancy of these 
institutions to deny access to foreign students can lead to 
situations where Californians are precluded from enrolling in an 
engineering program while foreign students are accepted. Even 
rare instances present difficult public relations ^problems to 
all institutions, but particularly publicly supported ones. 

• .A second problem presented by large enrollments of foreign 

students in engineering and computer science programs involves 
the costs of quality instruction in high technology fields. The 
per-student cost of instruction in engineering and computer 
science programs is generally not well documented at the national 
leyei and is not available in any form for California's colleges 
and universities, but there are indications that high technology 
programs frank above average in terms of expense. In California, 
non-resident tuition levels, in the senior public segments ar^ 
determined in large'' measure by the average cost of instruction 
for each of the two^ segments. Even taking into account the high 
level of these charges, the State does not get .back from non- 
resident aliens enrolled in -engineering what it expends on their 
education, particularly at the graduate level. 
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A third problem attendant to .foreign student enrollments in 
engineering and computer science concerns the transfer of tech- 
nological information to foreign countries. This problem is 
particularly difficult because of the large number of foreign 
students enrolling at the graduate level. Robert McMaster of 
Ohio State University comments about the results of a preponder- 
ance of foreign students in graduate classes at his University: 
"we have transferred technology very effectively — they practice 
what we preach. Our industries did not practice what we preach 
so, in certain areas — shipbuilding, automobiles, and so on--we 
now are at m a considerable national disadvantage" (National 
Academy of Engineering*, 1981, p. 45). 

Ru&sell R. O'Neill of UCLA has commented on the good and improv- 
ing relationships that have been developed between UCLA and 
industry, leading to joint research, summer jobs for students, 
consultancies for faculty, and fellowships, but he warns that* 
"obstacles still remain; for example, 'industry is reluctant' to 
sponsor research that is likely to benefit foreign competition 
via the many foreign students studying engineering in the United 
States" (ibid., j). 43). And Donald Fink, director emeritus of 
the Institute of Electrical and Electronic Engineers, says that 
"we are educating our competition. I see no problem *in educating 
non-American£ as such, but until we learn So compete in the 
international market — certainly an area that nee,ds some new 
ideas-^the problem is going to get worse" {'ibid. , p. 68). ' 

Two interests thus seem incompatible: Universities want fuiids 
from industry and government for graduate research, yet industry 
and government are reluctant to provide funds to educate their 
competition and thereby place the United States in danger of 
losing its world leadership position to other industrialized 
nations . 

Fourth and finally, at the same time that industry is reluctant 
to support foreign competition, some Congressmen, businessmen, 
and educators are concerned that too many foreign students find 
work in the United States ratheTr £han returning home. A 1980 
survey indicates that about half of the foreign students on 
temporary visas have definite plans to work in the United States 
(National Science Foundation, 1982, p. 2). One of ^the major 
aims of opening educational^ opportunities 1 in the United States 
to foreign students is to encourage them to return home and use 
their education to assist in the welfare and development of 
their own people; but large numbers of foreign students jixse 
American educational opportunities primarily as a means of 
gaining permanent residence in this country. 
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As part of a bill to reform U.S. immigration laws (S2222 in the 
United States^ Senate,' and HR5872 in the House of Representa- 
tives), Congress is considering* legislation, that would require 
all foreign students to returh °to their homeland for two ye^rs 
after graduation from an American^ college or university before 
being allowed to apply to li,ve and work permanently in t&e 
United States. Arnold Leibowitz, special council to the Senate 
Immigration Subcommittee, states that the proposal results from 
concerns among lawmakers that "we're building up an excessive 
dependence in high-tech fields on foreign students/ 1 

Some educators and industrialists oppose the legislation,* claim- 
ing that it would ^ead to a critical shortage of faculty and 
professionals in engineering and other technical* areas, but 
several professional associations support it because they contend 
that foreign engineers are willing to work at salaries below* 
those paid to or demanded by American engineers, thereby placing 
their members at a disadvantage (Mi'ddleton, 1982). 

Under present , lavr, foreigners who hold professional degrees are 
automatically considered to be "aliens of exceptional ability." 
This category virtually assures Immigration and Naturalization 
Service approval of their requests for permanent-resident status 
and labor certificates — the* number of which in engineering 
occupations more than doubled between 1976 and 1980. 

The inability of educational institutions to compete, in the 
marketplace for American "students with engineering doctorates 
leads to the recruitment of many of these non-resident aliens as 
faculty. Russell Jones of the University o/ Massachusetts, 
Amherst points out a resulting problem: S 

In many engineering fields, foreign born Ph.D.'s are 
available in large numbers for faculty positions. 
These graduates typically *have received their early 
engineering, education outside the U.S. and have come 
. here for* graduate engineering education. While they # 
often are among the brightest of the graduate students, 
they often lack practical experience relevant to U.S. 
engineering practice, arid some have langtlag^ difficul- 
ties .... Foreign-born graduates may not be optimum 
for engineering faculty positions (1981, pp., 63-64). 



And Betty Vetter, executive director of^tfie Scientific Manpower 
Commission," states that among non-resident aliens "who will 
remain in the U.S. "after completing the doctorate, many may be 
less fluent in English than is desirable for teaching under- 
graduate engineering student*" (Vettei?, 1982, pp. 12-13). 
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In sum, not only does the large enrollment of foreign students 
limit the enrollment .opportunities of American students, the high 
proportion of foreign students that remain in the U.S. appears* to 
be contrary- to the purposes ^of international education ("Foreigners 
Snap Up .the High-Tech Jobs," 1981, p. F-3). 'Extensive enrollment 
of ; foreign students will afct solve the nation's problem of losing 
its world leadership 'position in technology to other industrialized 
nations nor its problem of insufficieut faculty for technological* 
programs^i^Both State and institutional, policy makers should review 
the^enrollments of foreign students in the publLe segments together 
with increased stipends foT domestic students in planning future 
'enrollments, 1 particularly at the graduate level. 



IMPROVING TEACHING AND RESEARCH CONDITIONS 

Both the University of California and the California State Univer- 
sity have this year inaugurated revised salary schedules in engi- 
neering as well as business in order to attract qualified scholars 
to unfilled full-time faculty positions, but as noted in Chapter 
Three, even these new salary schedules are not fully competitive 
with beginning industrial salaries for the better new engineering 
Ph.D.s. 

For this year, the Regents and the Trustees appear to have adopted 
the most competitive schedule possible under limited circumstances , 
but in cooperation with the Legislature and the Governor they 
should initiate long-range corrective measures for engineering 
salaries in order >to. increase their proportion of full-time faculty 
and particularly of full-time women, ethnic minority, and native- 
born faculty. 

Beyond improved salaries, institutional administrators should be 
alqrt to two other facets of faculty life that require attention. 
One is the extent, of regulation, particularly regarding reporting 
requirements, that increasingly permeate professorial as well a§ 
administrative activities, largely from federal sources but also 
from State and institutional offices,. The other is the increasing 
threat of federal controls over research;, findings and scholarly 
Communication^ 



CONTROLLING TECHNICAL INFORMATION 



As America continues tcKslip in the world marketplace and American 
companies lose out to foreign competitors at home, the pressure for 
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government controls on technical information has grown. In 1976, a 
study conducted by the . Defense Science Board concluded that the 
United States was losing its technological and economic lead over 
adversaries by giving them expertise critical to the production of 
advanced technological* devices, and it recommended stricter federal 
controls on- the flow of technical information (Wallich, . 1982 , p. 
6^). Last ^ear, several federal agencies imposed curbs on certain 
technical information exchanges, -and .the Department of Defense 
proposed restrictions on research carriedV&ut under its VeryvHigh 
Speed Jptegra'ted Circuits (VHSIC) program: / 

s ft- . ' 

In the dase,of basic research supported by the VHSIC 
program, although such research and its results are not 
generally controlled, it is the preference of the Program 
Office that only U.S. citizens and' immigrant aliens who 
have declared th^ir intention of becoming citizens partic i-, 
Pate . Whereat his preference cannot be accommodated, the 
^contractor should be directed to the Program Office for 
resolution (Cray, 1982, p. 67; underlining added). < 

At the January 1982 meeting of the American Association for the 
Advancement of Science, CIA officials told engineers and scientists 
that they must contrbl the export of technical information volun- 
tarily or face legislative action that, .will "slam, shut' 1 the infor- 
mation door. In February, Senator Jackson of Washington called for 
increased controls . on technical information and scientific ex- 
changes . Federal of ficials- maintain that the "leaking' 1 of technical 
materials and ideas >to other nations impairs national security both 
by diminishing the ability of the U.S. to compete commercially and 
by reducing the country's edge in armaments. 

Gordon E. Moore, chairman of Intel Corporation, in discussing the 
complexity of the security and scientific issues, states, "There is 
a very real issue concerning the flow of information out of the 
United States., Universities are involved ±n technologies that are 
important to the U.S. both strategically and commercially. While 
some defense proposals go way overboard, many universities are 
living in a naive world" ("How Much^Secrecy is Needed in the Lab?," 
^982, p. 34). Other ioxiusttial executives also feel that academics 
have been in a privileged position for a long time. Arthur Stern, 
president of Magnavox AdvancecHproducts and Systems, says', ^ftfaAklyj 
I resent the blindness of academia, which goes by .rules' made in the 
nineteenth century." And Tom Christiansen, manager of international 
trade relations for Hewlett-Packard, says, "there has been a dual 
standard. Universities have had relatively little government' 
control of information, while companies iiave had a great deal" 
(Wallich,. 1982, p. 71). 
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During World War II, the\ nation's universities .undertook both basic 
and applie?ltx:lassified Research that led to radar, fire control * 
systems, navigational aifrs, jet-aircraft design, and nuclear* wea- 
pons. They accepted secrecy as essential to winning the war. 
However, after seVeral decades of peace, many university leaders 
now strongly oppose the new^ efforts of government officials to 
control the flow of technology beyond the country's borders. 

As Paul Gray of MIT has said about the proposed limits on VHSIC 
research, '^the government] proposed restrictions--applicable even 
to basic research—that disregard both the international character 
of U.S. universities and the difficulties such institutions would 
have in confining participation in and access to research to U.S. 
citizens and immigrant aliens" (p. 67). (\ / 

Gray has joined with the presidents of four other universities that 
are heavily involved in advanced technological research — California 
Institute of Technology „ Cornell, Stanford, and the University of 
California — to express concern to the Secretaries of Commerce, 
Defense, and State and requested clarification concerning this and 
other attempts to apply arms and export regulations to university 
research. Beside the issues of academic freedom antf open research, 
questions involve the impact of research restrictions on the gradu- 
ate education and employment of foreign nationals, scholarly ex- 
change programs, and universities 1 efforts to recruit the most able 
doctoral recipients into the faculty. « 

These' questions, are being addressed by two groups: (l) a National 
Academy of Sciences — National Academy of Engineering panel, chaired 
by Dale R. Corson, president emeritus of Cornell University, "to 
study the impact of national security regulations on the conduct of 
unclassified research; and (2) the DOD/University Forum, co-chaired 
by Richard D. DeLauer, Defense Undersecretary for Research and 
Engineering, and Donald Kennedy, president of Stanford, which will 
give high priority to the issue of control of unclassified research. 
A great deal of public' discussion will take place before any regula- 
tions are developed. 



UPDATING EQUIPMENT AND FACILITIES 

It is clear that substantial amounts of money will be needed to 
modernize engineering laboratories in California's universities. 
Data from the University of California indicates that approximately 
$7.5 million per, year will be needed for the next several years to 
replace obsolete equipment in engineering and computer science 
alone, out of an annual total need of $15 million . Modern state-of- 
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the-art equipment* will 3lso be necessary in many areas at an esti- 
mated cost of $11.8 toillion in order to offer new courses in'new 
technologies . 

The equipment problem in the State University is even more severe, j 
A long-range plan that provides it with some $12 million per year 
for at least ten' years will be necessary to bring its instructional 
programs up to a minimum level of content and laboratory skills. 

In both systems, some engineering facilities need extensive ^remodel- 
ing, and based upon campus responses to the Commission's question- 
naire and capital outlay budgets , it appears that among all cam- 
puses > the University of California % at Santa Barbara should be 
given priority in the construction of additional engineering facil- 
ities. The major reason why enrollments are forced to be limited 
at Santa Barbara is lack of facilities. Santa Barbara has only 55 
percent of the space that would be called for by*State facility 
standards applied to their present enrollments. ■ ' 



r 



IMPROVING STUDENT PREPARATJON 



The United States now ranks fourth in scientific literacy behind 
the Soviet Union, Germany, and Japan. Soviet students begin study- 
ing algebra and geometry in grades 6 and 7, add trigonometry in 
grades- 8 through JO, and. calculus in Jjigh school, and all high 
school graduates complete five years of physics, four years of 
chemistry and up to four years of biology. 

German students begin studying science in the third grad£, with 
biology, chemistry, physics, and an introduction to geometry added 
in grade 5, algebra introduced in grade 7, and algebraic functions 
and differential calculus taught in grade 11. By the end q£ grade 
J^3^tb^y have studiecl integral^calculus , -statist ics-j probability, 
andlfectnrr analysis . * 

s i V 

Japanese students spend 'one-fourth of grades 7 to 9 in mathematics 
and science, with trigonometry introduced in grade 9, and calculus 
and statistics offered in high school. Indeed most other major" 
industrialized nations require science and mathematics literacy for 
all students rather than only tho^e planning careers in science or 
mathematics, on the basis that all citizens are increasingly called 
on to make technological decisions and understand the implications 
of scientific and technological advances. 

« • 

A long-range solution to America's problem of maintaining leadership 
in world industry calls for similar attention to science and mathe- 
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matics ^in elementary and secondary school curricula and for restruc- 
turing teacher education and employment. In California, Governor 
Brown^s "Investment in People 11 .'initiative proposes to allocate 
$18.6 million to the public schools for staff development .in mathe- 
matics and science and for replacing Aut-of-date textbooks in these 
fields. T^ese >steps are desiraUTs? but also needed are better 
qualified teachers and better teaching equipment. Counselors 
should encourage mathematics and science literacy among all students 
but particularly among minorities and women: If more , adequate 
salaries are not possible for all teachers, the Legislature should 
consider permitting differential salaries or bonuses for mathematics 
and science teachers in the schools, just as the University and 
State University have now done for faculty in engineering and 
business . 



INCREASING SUPPORT 

Several sources of funds besides State support may help enhance 
engineering and computer science education in California and else- 
where. Deans William M. Kays of Stanford and Lionel' Baldwin of 
Colorado State University have proposed that industry and government 
pay to each university from which they hire an engineering alumnus 
an amount such as $2,-000 for a bachelor's degree holder, $3,000 for 
a master's degree recipient, and $5,000 for a doctorate, this 
concept has been proposed at various times by other individuals 
'since the 1950s. Each time, however, it has been rejected because 
of the difficulty of establishing payment schedules to eath of a 
variety of institutions and of differentiating payments by disci- 
pline . 

The National Society of Professional Engineers (NSPE) has suggested 
that the federal government provide funds of up to $90 million per 
year to engineering colleges for federal fellowships and $100 
million per year over the next ten years for major equipment pur- 
chases, with the fellowship program providing increasing stipends 
to* Ph.D. candidates of $11,500, $13,5*00, and $15,500 during ^the 
three years of their Ph.D. program, plus a $1,500 annual matching 
grant to the department in which the student is enrolled. The 
fellowship program, which has been endorsed by the American Society 
for Engineering Education (ASEE) as a means to fill faculty ranks, 
would aim at producing 1,000 new engineering Ph.D.s per year. Its 
costs "are estimated at $29.9 million for the first year and $59.9 
million for the second with steady-state costs thereafter of $89.6 
million annually. NSPE and ASEE argue that the problems of engi- 
neering education have grown to such an extent that only t;he federal 



government has the resources for a national solution. In view of 
pas£ experiences with federal support to higher education, this' 
proposal represents a feasible role for the federal government if 
the program were administered by ,the states. Yet present federal 
priorities point to dim prospects for the program. 

James Himt, Governor of North Carolina, has proposed that the 
center of gravity for technological innovation shift from the 
federal government to sta-te governments. He contends: 

Of* the 184 research universities of this nation, 119 are 
public institutions, most of which are supported by state 
governments. t Elementary and secondary educational systems 
are the responsibility orf state and local governments, 
who (regardless of action by the federal government) must 
take the lead if si gni f i cant improvements a re to be 
achieved. State and local governments are the prime 
points of contact with the many aspects of economic 
activity that entails industry-government interaction. 
Finally, people are essential in technological innovation, 
and people can more easily relate to state and local 
c government than to distant federal agencies (1982). 

Chapter Six of this report highlighted some of the high- technology 
incentives initiated by other s'tates besides California. California 
is one of a few states that can provide the infusion of funds to 
its universities necessary to meet the technological challenge that 
faces its industry. Even if the federal government reverses its 
present retreat from the support of education, State government in 
California should join with industry to invest in its engineering 
schools related technological education programs. The State 

has the fundamental responsibility for these schools as it has for 
all of education. 

A decline in quality haunts many engineering schools in California 
as well as elsewhere in the nation., Unfilled full-time faculty 
positions, heavy teaching and advising loads, inadequate laboratory 
equipment, insufficient student preparation and other, problems are 
affecting the quality of engineering graduates on which the State's 
economy and the nation's well-being depend. Without more support 
t&an proposed in the "Investment in People" program, these problems 
will remain beyond their control. California's engineering schools 
are even now producing only a fraction of the number of graduates 
that the State's economy needs, due to financial restrictions and 
impacted admissions. If they are not to extend themselves beyond 
their capability of providing quality instruction, they will require 
major new support; otherwise the number of their students should be 
reduced in order to preserve quality. 
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